CONDITIONED REFLEXES 


AN INVESTIGATION OF 
THE PHYSIOLOGICAL ACTIVITY 


OF THE 


CEREBRAL CORTEX 


BY 


E-P PAYLOV, For. Mem. R.S. 


Director of Physiological Laboratomes ın the Russian Academy of Sciences 
and the Institute of Expermental Medicime, 
formerly Professor of Phymology at the Military Medical Academy, Petiograd 


TRANSLATED AND EDITED 


BY 


G V. ANREP M.D, DSc. 


Lecturer in Physiology 1m Umversity of Cambridge 


OXFORD UNIVERSITY PRESS: HUMPHREY MILFORD 


AUTHOR’S PREFACE 


I am deeply sensible of my good fortune that this book 
should appear in the English language through the 
assistance of the Royal Society of London. Without 
their material help the presentation of the book in its 
English form could not in the first place have been 
attempted. I desire to express to them my deepest 


gratitude. 
I count it a great stroke of luck for the book that 


the preparation of the English edition was carried out 
entirely under the supervision of, and in part made 
by, my young friend Dr. Anrep, formerly an active 
collaborator in the work described in its pages. Dr. 
Anrep’s task has not been an easy one, and it has been 
fraught with responsibility, as practically at every step 
he has had to adapt a vast new terminology. I wish 
to give him also my hearty thanks. 
I.P. P. 


Perrocrap, 14th July, 1926. 


CONTENTS 


LECTURE 
I.—THE DEVELOPMENT OF THE OBJECTIVE METHOD IN 
INVESTIGATING THE PHYSIOLOGICAL ACTIVITIES 
OF THE CEREBRAL HEMISPHERES.—CONCEPT OF 
REFLEX.—VARIETY OF REFLEXES.—SIGNAL-RE- 
FLEXES, THE MOST FUNDAMENTAL PHYSIOLOGICAL 
CHARACTERISTIC OF THE HEMISPHERES - - 


II.—TECHNICAL METHODS EMPLOYED IN THE OBJECTIVE 
INVESTIGATION OF THE FUNCTIONS OF THE CERE- 
BRAL HEMISPHERES.—RESPONSE TO SIGNALS AS 
REFLEX ACTION.—UNCONDITIONED AND CONDI- 
TIONED REFLEXES.—NECESSARY CONDITIONS FOR 
THE DEVELOPMENT OF CONDITIONED REFLEXES - 


III.—THE FORMATION OF CONDITIONED REFLEXES BY 
MEANS OF CONDITIONED AND DIRECT STIMULI.— 
AGENCIES WHICH CAN BE USED AS CONDITIONED 
STIMULI —INHIBITION OF CONDITIONED REFLEXES: 
EXTERNAL INHIBITION - - - - - 


IV.—INT2RNAL INHIBITION OF CONDITIONED REFLEXES : 
(a) EXTINCTION - - - : $ Š s 


V.—INTERNAL INHIBITION (continued): (L) CONDITIONED 
INHIBITION - - : k a 


VI.—INTERNAL INHIBITION (continued): (c) DELAY - 


VIL—THE ANALYSING AND SYNTHESIZING ACTIVITY OF 
THE CEREBRAL HEMISPHERES: (a) THE INITIAL 
GENERALIZATION OF CONDITIONED STIMULI. (b) 
DIFFERENTIAL INHIBITION - - - - - 


VITI.—THE ANALYSING AND SYNTHESIZING ACTIVITY OF 
THE CEREBRAL HEMISPHERES (continued): (c) 
EXAMPLES OF THE ANALYSIS OF STIMULI. (d) 
SYNTHESIS AND ANALYSIS OF COMPOUND SIMUL- 
TANEOUS STIMULI. (e) SYNTHESIS AND ANALYSIS 


OF COMPOUND SU CCESSIVE STIMULI - - - 
xiii 


PAGE 


16 


33 


48 


68 
88 


110 


131 


xiv CONTENTS 


LEbTURE 
IX.—THE IRRADIATION AND CONCENTRATION OF NERVOUS 
PROCESSES IN THE CEREBRAL CORTEX: (a) THE 
IRRADIATION AND CONCENTRATION OF INHIBITION 
WITHIN A SINGLE ANALYSER - - - a 


X.—IRRADIATION AND CONOENTRATION OF NERVOUS 
PROCESSES IN THE CEREBRAL HEMISPHERES (con- 
tinued) : (b) IRRADIATION AND CONCENTRATION OF 
INHIBITION OVER THE ENTIRE CORTEX , (C) [RRA- 
DIATION AND CONCENTRATION OF EXCITATION - 


XI.—MUTUAL INDUCTION OF EXCITATION AND INHIBITION ' 
(a) POSITIVE INDUCTION (b) NEGATIVE INDUCTION 


XIT.—INTERACTION OF IRRADIATION AND CONCENTRATION 
WITH INDUCTION 7 > - - - - 


XII.— THE CORTEX AS A MOSAIC OF FUNCTIONS: (a) 
EXAMPLES OF THE MOSAIC CHARACTER OF THE 
CORTEX AND THE MORE OBVIOUS WAYS IN WHICH 
THIS CHARACTER IS ACQUIRED, (b) VARIABILITY 
OF THE PHYSIOLOGICAL PROPERTIES OF DIFFERENT 
POINTS OF THE CORTEX IN SOME INSTANCES, 
STABILITY IN OTHERS —-THE CORTEX AS A UNITED 
COMPLEX DYNAMIC SYSTEM - - - - 


XIV.—THE DEVELOPMENT OF INHIBITION IN THE CORTEX 
UNDER THE INFLUENCE OF CONDITIONED STIMULI 

o 
XV.—INTERNAL INHIBITION AND SLEEP AS ONE AND THE 
SAME PROCESS WITH REGARD TO THEIR INTIMATE 
MECHANISM - - - - - - 


XVI.—TRANSITION STAGES BETWEEN THE ALERT STATE 
AND COMPLETE SLEEP HYPNOTIC STAGES - - 


XVII.—THE- DIFFERENT TYPES OF NERVOUS SYSTEM.—PATH- 
OLOGIOAL DISTURBANCES OF THE CORTEX, RESULT 
OF FUNCTIONAL INTERFERENCE - - - - 


XVITI.—PaTHOLOGICAL DISTURBANCES OF THE CORTEX, RESULT 
OF FUNCTIONAL INTERFERENCE (continued) - - 


XITX.—PaTHOLOGICAL DISTURBANCES OF THE CORTEX, RE- 
SULT OF SURGICAL INTERFERENCE. (a) GENERAL 
DISTURBANCES OF THE CORTICAL ACTIVITY ; 
(b) DISTURBANCES OF THE ACOUSTIC ANALYSER - 


PAGF 


152 


167 


188 


204 


219 


234 


250 


265 


284 


301 


320 


LECTURE 


CONTENTS 


XX.—PaTHOLOGICAL DISTURBANCES OF THE CORTEX 


RESULT OF SURGICAL INTERFERENCE (continued) : 
(c) IN THE VISUAL ANALYSER ; (d) IN THE TACTILE 
CUTANEOUS ANALYSER; (e) OCCURRING AFTER 
EXTIRPATION OF THE FRONTAL LOBES; (f) IN 
THE THERMAL CUTANEOUS ANALYSER; (g) ARIS- 
ING AFTER EXTIRPATION OF THE GYRUS PYRI- 
FORMIS ; (k) IN THE MOTOR ANALYSER - - 


XXI.—PaTHOLOGICAL DISTURBANCES OF THE CORTEX, 


RESULT OF SURGICAL INTERFERENCE (continued) : 
ATTEMPT TO CORRELATE THE GENERAL POST- 
OPERATIVE BEHAVIOUR OF THE ANIMALS WITH 
THE DISTURBANCES IN THE ACTIVITY OF INDIVIDUAL 
ANALYSERS - - - - - - - 


XXII...[HE GENERAL CHARACTERISTICS OF THE PRESENT 


INVESTIGATION AND ITS SPECIAL DIFFICULTIES.— 
DISCOVERY OF CERTAIN ERRORS NECESSITATING 
THE MODIFICATION OF SOME EARLIER INTERPRE- 
TATIONS - - 7 - > - = - 


XXITI.—Tsr EXPERIMENTAL RESULTS OBTAINED WITH 


ANIMALS IN THEIR APPLICATION TO MAN = - 


BIBLIOGRAPHY - 5 a 2 è f; 7 : $ 


INDEX - 


xv 


PAGE 


341 


361 


377 


395 
412 
429 


LECTURE XVIII 


Pathological disturbances of the cortex, result of functional interference 
(continued). 


In the present lecture we shall discuss further experiments and 
observations upon the pathological states of the cerebral cortex. 
The inquiry is one of particular interest, not only on account of 
the special attention devoted to this subject at the present time, 
but also on account of several fortuitous occurrences. It has become 
possible to trace how, as a result of different injurious influences, 
the activity of the cortex gradually and by scarcely noticeable 
stages deviates from normal and becomes pathological ; often also 
the pathological states can be made use of for inquiry into nervous 
processes taking place under purely physiological conditions, since 
under pathological conditions different aspects of the nervous 
processes which are screened off from us by the unified and balanced 
complexity of the normal physiological state become dissociated or 
accentuated. In the lecture upon the hypnotic states occurring 
under normal conditions it was mentioned that the most interesting 
of these were sabjected to experimental investigation only after 
they had previously been observed in exaggerated form in a 
pathological case. 

In one of our dogs which, it will be remembered (p. 270), had 
several positive and negative conditioned reflexes, a tactile stimula- 
tion at the rate of 24 per minute had been established as a positive 
stimulus and a stimulation at the rate of 12 per minute as a negative 
one: moreover, as usually under normal conditions, the relative 
intensity of the positive reflexes was directly determined by the 
relative strength of their conditioned stimuli. In one of the experi- 
ments the positive rate of the tactile stimulation was made to follow 
the inhibitory rate without any interval of time. This apparently 
small modification of the experiment was sufficient to create a 
pathological disturbance of the cortical activities in this dog. At 
first, for a few days, all positive conditioned reflexes disappeared 
completely ; this was followed by a series of different modifications 
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in the strength of the reflexes, a state of affairs which lasted for many 
days, the relation between the magnitudes of the reflexes and the 
intensities of the stimuli gradually changing from one phase to 
another. The entire disturbance lasted for 5} weeks, after which 
the reflexes returned to normal. Obviously this dog falls into one 
group with the inhibitable dog (described at the end of the preceding 
lecture), in which functional interferences with the cortical activities 
produced a profound nervous disturbance which was accompanied 
by a disappearance of all positive conditioned reflexes for many 
months. In the dog just described the same type of disturbance 
was produced, but lasted for only thirty-six days, within which 
period the activity of the cortex passing through different stages 
finally returned to normal. 

It becomes clear on considering all the pathological cases so far 
described, that the underlying cause of their development is in 
every instance the same. Broadly we can regard these disturbances 
as due to a conflict between the processes of excitation and inhibition 
which the cortex finds difficult to resolve. 

Besides these pathological cases we have at our disposal others 
which present features of perhaps even greater interest, firstly on 
account of certain intrinsic peculiarities, secondly on account of 
peculiar features in the mode of their origination. The case which 
is to be described first was studied from day to day during many 
months, and in view of the considerable interest it presents the 
description will be given in detail [experiments of Dr. Rickman]. 
The experiments were carried out on a dog which was exceedingly 
inhibitable. The animal had served in the laboratory for different 
experiments for a very long time, and it had among others an 
inhibitory alimentary conditioned reflex to a metronome rate of 
60 beats per minute, while a rate of 120 beats per minute served as 
a positive stimulus. The strength of the various positive reflexes 
was definitely related to the strength of their respective conditioned 
stimuli. The inhibitory conditioned reflex, which at the time of 
the experiments had been repeated 266 times, was constant and 
precise, being so concentrated that its inhibitory after-effect upon 
the positive reflexes was very short. The strength of the reflexes 
during this normal period is represented in the table shown on 
the opposite page. 

The dog belonged to a group which can be called “ expert at 
inhibition,” in view of the fact that in this group all the types of 
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internal inhibition develop with great ease and precision. We now 
determined to investigate in further experiments the degree of 
stability of the inhibitory process in this dog. For this purpose it 
was decided to transform the negative conditioned stimulus into a 
positive one by the method which is usually the most effective, 
namely, repeated reinforcement of the inhibitory stimulus without 
any intermediate introduction of the positive stimuli (see p. 198). 
However, the destruction of the inhibition in this dog proceeded 
extremely slowly. The hitherto inhibitory stimulus was followed by 
reinforcement 4-7 times in succession on each of three successive 


Experiment of 1st December, 1925. 

















ii : : Salivary | Motor reaction 
Time Conditioned stimulus applied Secretion in and general 
during 20 seconds drops during behaviour 
20 seconds 
10.37 a.m. Metronome, 120 per minute 8 Lively ali- 
10.45 ,, Electric light 4 ; mentary 
10.49 | | Strong tone 6 |J reaction 
10.56 ,, Metronome, 60 per minute 0 The dog re- 
mains mo- 
tionless i 
110 „ | Buzzer 9 N ae f 
15 ,„ Weak tone 34 j reaction 








days. The first sign of any destruction of the inhibition was observed 
at the seventeenth application with reinforcement, in the form of 
a very small secretion without any accompanying alimentary motor 
reaction. At the twenty-seventh reinforcement the salivary secretion 
was already considerable. No definite disturbances in the other 
positive stimuli could be observed at this period, excepting a certain 
tendency fo equalization of the secretory effect of strong and weak 
positive conditioned stimuli. The experiment of the 14th December 
on page 304 shows the strength of the reflexes at this time. 

The secretory reaction thus established to the rate of 60 beats 
of the metronome did not, however, remain constant, but in spite 
of continued reinforcement quickly declined and at its thirtieth 
repetition fell to zero. Moreover, it was now noticed that immediately 
after an application of the metronome at the rate of 60 practically 
none of the positive reflexes could be elicited (18th December). 
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Experiment of 14th December, 1925. 








Salivary ? 
; Conditioned stimulus applied Secretion in | Motor reaction 
Time during 20 seconds drops during | 924 general 
20 seconds behaviour 
10.56 a.m. Metronome, 60 per minute 5$ Investiga- 
(formerly the inhibitory tory in 
Tate) character 
rather than 
alimentary 
11.3 ,„ Electric lamp 5 
11.10 , Metronome, 120 per minute 5 
11.17 , Buzzer 8 Alimentary 
11.24 ,, Weak tone 5 reaction 
11.31 ,, Metronome, 120 per minute 54 
11.38 ,, Buzzer 7 


Experiment of 18th December, 1925, 
showing the general disturbance of the conditioned reflexes. 
Sali: A 
Conditioned stimulus applied Secretion in | Motor reaction 


ame ` and general 
during 20 seconds drops daring behaviour 


12.4 p.r.. | Electric lamp 4} Alimentary 





12.9 ,, Metronome, 60 per minute (for- 
merly the inhibitory rate) tory reflex 
12.14 ,, Strong tone 0 At first 


pæ 
5 
a 
S. 
R 


12.23 Buzzer 0 Turns itself 


12.30 ,, Electric lamp 


(= 
be 
d 
3 


12.38 Weak tone 


i 


food atonce 
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In its general behaviour the animal appeared to be perfectly 
healthy and when free on the floor it consumed the same food as 
that offered during the experiment with great avidity, just as it 
did in the above experiment after the conditioned stimulus applied 
before the metronome (12.4 p.m.). 

In succeeding experiments, though some of the positive effect 
of the metronome rate of 60 per minute returned, its strong inhibitory 
effect upon other conditioned reflexes nevertheless continued as 
before. 

In all those experiments, however, in which the metronome was 
not used all the reflexes were perfectly normal, excepting that the 
weaker stimuli gave a somewhat smaller secretion towards the end 
of an experiment than usual. 


Experiment of 24th December, 1925 
(without application of the metronome). 





Salivary, Motor reaction 


i Conditioned stimulus applied Secretion in 
Tie during 20 O acosada. drops during and genere l 
20 seconds 
11.2 a.m. Buzzer 9 
11.10 ,, Electric lamp 5} 
11.15 , Strong tone 7 
11.20 , Weak tone 5 Lively 
11.28 , Buzzer 6} alimentary 
11.32 ,, Electric light 3 reaction 
11.39 ,, Strung tone 6 
11.44 , Weak tone 34 





I have intentionally given several experiments with the initially 
positive reflexes in order to show how long and how persistently 
the normal] relations were retained in spite of the disturbing influence 
of the metronome during the intervals between these particular 
experiments. On continuing the experiments further the general 
relation between the strength of the reflexes and the strength of 
the stimuli continued to be maintained in all experiments in which 
the metronome was not used. In those experiments, however, in 
which either of the rates of the metronome—which themselves gave 
a secretion varying from 4 to 74 drops—was used there was invariably 
a disturbance of all conditioned reflexes following within the given 
experiment—a disturbance in the form of complete inhibition or of 
one of its intermediate stages. It is of interest that the metronome 
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rate of 120 per minute often produced « greater disturbance than 
the formerly inhibitory rate of 60. The experiments given below 
are taken from this period of experimentation. 





| Conditioned stimulus | Salivary” . 
Time applied | Secretion in Motor reaction and 
during 20 seconds drops during general behaviour 
z | 20 seconds 
l 





Experiment of 28th December, 1925 (Phase of Equalization). 


10.56 a.m. | Buzzer 10 Alimentary reaction 
17 ,„ | Electric lamp 6 j » 
11.13 ,, Metronome, 60 per 2 ib 5 
minute 
11.20 _,, Weaker tone 5 i Bi 
11.28 , Metronome, 120 per 4} Weak alimentary re- 
minute action 
11.33 ,, Strong tone 5 Alimentary reaction 
11.40 ,, Buzzer 4} Gi BS 
11.47 „ | Electric lamp 5} ii i 
Experiment of 5th January, 1926 (Narcotic Phase). 
12.53 p.m. Metronome, 60 per 6 Delayed alimentary 
minute reaction 
10 , Electric lamp 34 Alimentary reaction 
15 ,, Strong tone 6 i i 
1.10 ,, Metronome, 120 per 3 j ji 
minute 
1.18 , Weak tone 0 Weak alimentary re- 
‘action 
1.25 ,, Buzzer 4} Alimentary reaction 
1.30 ,, Electric lamp 0 Turns head away, 
declines food 
1.35 ,, Buzzer 6 Definite alimentary 


reaction: takes 
food immediately 


Experiment of 20th January, 1926 (Paradoxical Phase). 


10.44 a.m. Strong tone 8 Alimentary 

10.49 ,, Electric lamp 3 g m 

10.57 „ Metronome, 60 per $ Investigatory 
minute 

11.2 ,, Weak tone 5 Lively alimentary 

1.7 .,„ Buzzer 44 Weak alimentary 

11.14 ,. Weak tone 5 Lively alimentary 

11.21 ,, Buzzer 24 Weak alimentary 

11.26 ,, Electric lamp 34 Lively alimentary 

11.31 ,, Strong tone 1 Alimentary 
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Salivary 
Conditioned Secretion : 
Time stimulus applied in drops Motor reaction and general 
during 20 seconds during behaviour 
20 seconds 


Experiment of 21st January, 1926 
(Complete Inhibition). 


11.9 a.m. | Strong tone 6 Alimentary 

11.14 ,, Electric lamp 44 5 During the 

11.22 ,, Metronome, 120 34 33 intervals 
per minute between 

11.27 ,, | Weak tone 0 j thestimuli 

11.32 , Buzzer 3 P the animal 

11.39 ,, Weak tone 0 3 remains 

11.47 ,, | Buzzer 0 “ perfectly 

11.52 ,, | Electric lamp 0 Weak alimentary | still 

11.57 ,„, Strong tone 0 j i 


Experiment of 26th January, 1926 
(without the use of the metronome). 


11.18 a.m. | Electric lamp 6 Lively alimentary 
11.28 ,, Strong tone 64 ae 5 
11.33 ,, Buzzer 7k Pe PA 
11.40 ,, Weak tone 44 i i 
11.48 , Buzzer 6 "i $3 
11.53 ,, | Electric lamp 2 Weak alimentary 
12.2 p.m. | Strong tone 3} i i 








In the last experiment, though the relative strength of the reflexes 
remained unchanged, a general diminution in the strength of all 
the reflexes became apparent towards the end of the experiment. 
In view of this tendency all the stimuli were for several days rein- 
forced after a very much shorter delay and the use of the metronome 
was discontinued. Subsequently to this, the delay was extended 
again, but only to 15 seconds instead of to 20 seconds as previously. 
Moreover, a new conditioned reflex to a bubbling sound was estab- 
lished ; the stimulus belonged in this dog to the group of strong 
stimuli. As a result of this treatment the reflexes increased in strength 
and now showed no diminution towards the end of an experiment. 
After eleven days of such experimentation the rate of 120 beats 
per minute of the metronome was again tried : 
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Experiment of 2nd March, 1926. 
| 


Salivar 
Time Conditioned stimulus Secretion in Motor reaction and 
during 15 seconds drops during general behaviour 
15 seconds 
10.44 a.m. Bubbling 6} Alimentary 
10.54 , Weak tone 5% i 
11.2 ,„ Metronome, 120 per 6 Investigatory reflex 
minute followed by ali- 
mentary reflex 
11.7 Electric lamp 4} Alimentary 
11.15 _,, Buzzer 4} j 
11.233 ,, Bubbling 34 5 
1131 ,, Weak tone 5$ Lively alimentary 
44 Alimentary 


11.38 ,, Buzzer 





It was seen that the administration of the metronome led to an 
immediate disturbance of all the succeeding conditioned reflexes, 
which entered into a phase of equalization passing into the paradoxical 
phase. The disturbance, however, went much deeper than this. 
On the following day and for a long time afterwards the cortex was 
unable to withstand any kind of strong stimulus without undergoing 
complete inhibition. The fact that the maximum disturbance in 
the central nervous activity does not appear immediately on ad- 
ministration of the causative stimulus, but after one or more days 
has been observed in many animals. The following is an experiment 
which was performed on the day following the last administration 
of the metronome : 


Experiment of 3rd March, 1926. 














Conditioned stimulus Salivary, F 
Time applie Secretion in Motor reaction and 
during 15 seconds drops during general behaviour 
15 seconds 
3.41 p.m. Buzzer 5 Weak alimentary 
3.46 ,, Electric lamp $ Delayed alimentary 
3.55 , Strong tone 0 Declines food 
42 ,, Weak tone 4 Alimentary; takes 
the f 
4.7 p Buzzer 0 Declines food 
4.10 ,, Administration of Takes the food im- 
food without any mediately 


conditioned stimuli — 
t 
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To all appearance the dog was at this time perfectly healthy. 

The cortical disturbance continued for 11 days without showing 
signs of any improvement, and we therefore determined to avoid 
any further use of the strong tone and to damp down the sounds of 
buzzer and bubbling. The following is the first experiment : 


Time 


10.20 a.m. 


10.27 
10.32 


10.40 
10.48 
10.56 


11.4 
11.12 


Experiment of 15th March, 1926. 





Conditioned stimulus Salivary | ` 
applied Secretion in Motor reaction and 
during 15 seconds drops during general behaviour 
15 seconds 
Electric lamp 64 
Weak tone 5 
Weak sound of 34 
bubbling 
Weak buzzer 64 Alimentary reaction 
Weak tone 4 in every case 
Weak sound of 44 
bubbling 
Weak buzzer 5 
Electric lamp 4 





The experiments gave similar results on nine successive days. 
After this the strong stimuli were again applied, with the following 
result : 


Time 


4.37 


> Experiment of 27th March, 1926. 





Conditioned stimulus Salivary 2 
applied Secretion in Motor reaction and 
during 15 seconds drops during general behaviour 
15 seconds 
Strong buzzer 4 Alimentary 
Electric lamp $ i 
Strong sound of 0 Turns head away, 
bubbling and declines the 
food 
Weak tone 0 Takes the food re- 
luctantly 
Strong buzzer 0 Signs of general ex- 
citation; takes 
the food reluc- 
tantly 
Electric lamp 14 Takes the food re- 


luctantly 
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When free upon the floor the animal behaved quite normally 
and took the food with avidity. After an interval of one day an 
experiment was performed again with the use of only weak stimuli, 
and all the reflexes were found to be present. 


Experiment of 29th March, 1926. 





Conditioned stimulus Salivary 2 
_ Time applied Secretion in Motor reaction and 
during 15 seconds drops during general behaviour 
15 seconds 





3.57 p.m. Weak tone 64 

45° ,, Weak bubbling 6 

4.10 ,, Electric lamp 44 

4.19 ,, Weak buzzer 6 Alimentary reaction 
4.26 ,, Weak bubbling 6} in every case 

4.31 , Electric lamp 3 

440 ,, Weak buzzer 5 


To sum up, these experiments show that the transformation of 
an inhibitory point of the acoustic analyser into an excitatory one 
occurred only gradually and imperfectly. Moreover, and this is 
more important, it rendered this point abnormal so that its stimula- 
tion by the conditioned stimulus of the metronome immediately 
led to a profound disturbance in the activity of the entire cortex, 
leading finally to an inability to withstand any strong conditioned 
stimuli without passing into different phases of inhibition, including 
the phase of complete inhibition. At first the normal activity of 
the cortex was comparatively quickly restored on discontinuing all 
stimulation of the abnormal point. At a later period, with further 
stimulation of this point, the disturbance took on a more permanent 
character. Since other auditory stimuli continued at this time to 
act quite normally the disturbance must be regarded as a result of 
a strictly localized functional interference in the acoustic analyser, 
a chronic functional lesion of some circumscribed part, the stimulation 
of which produces an immediate effect upon the function of the 
whole cortex, and finally leads to a protracted pathological state. 

These observations to my mind reveal once more in an almost 
tangible form the mosaic character of the cortical activities which 
has been discussed already. 

The disturbance in the activity of the entire cortex which has 
just been described can be regarded as being produced in either of 
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after-effect of the flood, and the following method of combating the 
disturbance was adopted : Instead of leaving the animal alone during 
the experiment the experimenter now remained in the same room 
with it, while I myself conducted the experiment from the outside. 
All the reflexes showed an immediate restoration in the first experi- 
ment and the animal took the food with avidity, but it was sufficient 
for the experimenter to leave the animal alone for all the abnormal 
symptoms to recur. In order to re-establish the reflexes permanently 
it was necessary to adopt the above course, of alternately leaving 
and entering the room, for a considerable period of time. On the 
eleventh day of this treatment a conditioned stimulus which had not 
been employed since before the flood was now for the first time again 
employed, namely, the buzzer, which was the strongest stimulus, 
and which before the flood constantly evoked the largest secretion. 
After the application of the buzzer all the remaining conditioned 
reflexes almost completely disappeared, the animal again declined 
the food, became very restless and continuously stared at the floor. 
Under the influence of the same special stimulus, namely , the presence 
of the experimenter in the room with the animal, the reflexes were 
again gradually restored, but repetition of the buzzer after an interval 
of five days produced the disturbance afresh. The buzzer was then 
applied only when the experimenter was in the room with the animal, 
but even so, normal relations only returned gradually and very 
slowly. On many occasions a phase of equalization of the reflexes 
was observed after administration of the buzzer, the reflexes often 
diminishing and the animal declining the food. Perfectly normal 
reflexes were at last obtained after forty-seven days of experimenta- 
tion, i.e. two months after the flood. We now made the following 
experiment. A small stream of water was allowed to trickle silently 
beneath the door into the animal’s room. The water formed a small 
pool on the floor next to the table on which the dog stood in its 
stand. This experiment, which is represented in full on page 315, 
was conducted in the absence of the experimenter from the 
animal’s room. 

Several months after, when the reflexes were perfectly normal 
and the buzzer had intentionally not been used for a considerable 
length of time, a first fresh application of the buzzer gave a reflex 
which was of greater intensity than the reflexes to the other stimuli, 
but on repeating the stimulus of the buzzer once every day for 
several days the secretory effect gradually diminished, and finally 
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315 


the buzzer became not only entirely ineffective of itself, but its 
applications now led also to a diminution of all the other reflexes. 
It is of imterest that at this stage of the experiment the presence not 


Experiment of 17th November, 1924. 





Time 


10.15 a.m. 


10.24 


10.36 
10.46 


10.59 
11.11 


11.20 
11.30 
11.41 
11.50 


11.59 


Conditioned stimulus 
applied 
during 30 seconds 


Metronome, 120 per 
minute 

Strong illumination. 
of room 

Buzzer 

Appearance of a 
circle 

Whistle 

Metronome, 80 per 
minute (inhibitory) 

Metronome, 120 per 
minute 

Appearance of & 
square (inhibitory) 

Appearance of a 
circle 

Buzzer 


Strong illumination 
of the room 

Metronome, 120 per 
minute 

Whistle 

Buzzer 

Appearance of a 
circle 


Salivary 
Secretion in 


drops during 


30 seconds 


154 
9 


ooo o o 


j 


| 


Remarks 


Takes the food with 
avidity 


Takes the food with 
avidity 


Takes the food with 
avidity 


A small stream of 
water is allowed to 
trickle noiselessly 
into the animal’s 
room and form a 
pool on the floor 

The animal jumps 
up quickly, gazcs 
restlessly at the 
floor, tries to get 
off the stand and 
breathes heavily 

The conditioned 
stimuli serve only 
to increase the 
general excitation ; 
the animal declines 
the food 





only of the experimenter in the animal’s room but even of his clothes 
placed somewhere out of sight (i.e. olfactory stimulus) was sufficient 
to restore the reflexes. 
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Evidently under the effect of an extremely powerful and unusual 
stimulus the cortical cells, which in this dog already had a tendency 
to inhibition, now permanently became still more susceptible to 
inhibition. Stimuli to which the dog had already for a considerable 
time been indifferent (the general environment of the experiment), 
and also strong agencies which had acted before as powerful condi- 
tioned stimuli (buzzer), produced a strong inhibitory effect upon 
the cortical elements, the resistance of which was now diminished. 
Minutest components of the extraordinary stimulus of the flood 
were sufficient to evoke the same abnormal reaction. 

The dog upon which the experiments described in detail at the 
beginning of the present lecture were performed had also passed 
through the experience of the flood, with resulting disturbances, 
which, though based on a similar predisposition to inhibition, 
assumed a somewhat different character from those observed in the 
first dog. Two experiments are given below, the one performed the 
day before the flood (22nd September, 1924), the other on the third 
day after the flood (26th September, 1924). 

(The experiments by Dr. Rickman upon the same dog, given in 
the first part of this lecture, were performed, it will be remembered, 
much later than this, December 1925—March 1926.) 


Salivary 
Time Conditioned stimulus applied Secretion in 
during 30 seconds drops during 
30 seconds 





Experiment of 22nd September, 1924. 


12.53 p.m. Metronome, 120 per minute 6 
12.58 ,, Tactile 3} 
13s, Metronome, 60 per minute 
(inhibitory) 
1.13 ,, Electric lamp 4 
1.23 ,„ Strong tone T$ 


Experiment of 26th September, 1924. 


2.42 p.m. Metronome, 120 per minute 24 

2.50 ,, Tactile 2 

2.55 , Metronome, 60 per minute 34 
(inhibitory) 

3.2 , Metronome, 120 per minute 14 

36  ,, Tactile 0 

3.16 ,, Metronome, 120 per minute 24 
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In the experiment of the 26th September the animal accepted 
the food, but the positive conditioned reflexes were diminished and 
the maximum secretory effect was obtained by the negative stimulus 
(2.55 p.m.—ultra-paradoxical phase). Experiments were now per- 
formed in which for a very long time the inhibitory rate of the 
metronome was not used. Tne positive reflexes were satisfactory 
and approached the normal, but even now on a single fresh 
application of the inhibitory stimulus, in any experiment, all condi- 
tioned reflexes were greatly diminished or even abolished, not only 
in the given experiment but during several succeeding days. The 
following are two examples : 











Salivary 

Time Conditioned stimulus applied Secretion in 

during 30 seconds drops during 

30 seconds 

Experiment of 6th October, 1924. 
12.3 p.m. Metronome, 120 per minute 5 
12.10 ,, Strong tone 5 
12.20 ,, Tactile 2 
12.25 , Strong tone 4 
12.33 , Metronome, 60 per minute 0 
(inhibitory) 

12.36 _,, Metronome, 120 per minute 0 
12.43 ,, Tactile 0 


* Experiment of 20th October, 1924. 


11.41 a.m. Weak tone 6 
11.46 ,, Metronome, 120 per minute 74 
11.51 , Metronome, 60 per minute 0 
(inhibitory) 
11.56 _,, Strong tone 0 
12.1 p.m. Buzzer 3 
12.6 , Electric lamp 0 
12.11 _,, Metronome, 120 per minute 1} 


During the period of recovery of the conditioned reflexes when 
the inhibitory stimulus was not used all the different phases of 
transition between complete inhibition and the normal positive 
effect were observed. In the beginning the recovery was favoured 
by the usual method of interrupting the experiments for a few 
days and shortening the isolated action of all the conditioned stimuli. 
Soon, however, these methods became of no further use. The first 
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one or two reflexes in the beginning of an experiment were generally 
very weak, and all the rest failed altogether. The animal grew 
lethargic and persistently declined the food. As a final measure the 
experiments were conducted with the animal kept free on the floor 
instead of in its stand. The beneficial effect of this method lies 
partly in the removal of the inhibitory influence of the stand, and 
partly in the introduction of additional excitatory impulses from the 
muscles and joints. The measure proved efficacious. The reflexes 
began gradually to return and progressively gained in strength. The 
animal accepted the food and normal relations became finally 
re-established. The administration of the negative stimulus led 
during the first seven days to a disappearance of the reflexes for the 
rest of that particular experiment. This inhibitory effect was not 
so apparent at the beginning of the experiment on the following 
day. In the course of the succeeding two weeks the prolonged 
inhibitory after-effect gradually disappeared and the inhibitory 
stimulus could now be practised during a single experiment more 
often. The differentiated inhibitory stimulus was repeated several 
times in every experiment, and concentration of the inhibition was 
accelerated by the immediate application of the corresponding 
positive stimulus. But it was only after two months of experi- 
mentation with the animal on the floor, and eight months after 
the flood, that it was found possible to return to the usual xperi- 
ments with the animal in the stand. 

It is thus seen that the powerful and unusudl stimuli arising 
from the flood increased the susceptibility of the cortical elements 
to inhibition to so great an extent that even a comparatively minute 
intensification of inhibition from the outside, in the form of a 
conditioned inhibitory stimulus, rendered impossible for a long time 
any existence of positive conditioned reflexes under ordinary cx- 
perimental conditions. 

All these experiments clearly bring out the fact that a develop- 
ment of a chronic pathological state of the hemispheres can occur 
from one or other of two causes: first a conflict between excitation 
and inhibition which the cortex finds itself unable to resolve ; second 
the action of extremely powerful and unusual stimuli. 

I have still to describe the pathological state of another animal 
[experiments of Dr. Vishnevsky], but unfortunately I cannot state 
definitely whether its present state depends only upon a congenital 
defect which has been accentuated by its general conditions of life 
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~—age, pregnancy and so on—or whether it was produced as a result 
of the flood, as in the case of the two preceding animals. This animal 
was described in the preceding lecture (p. 287) us belonging to an 
extremely inhibitable type. Previously to the flood it had been left 
for a long time without observation, and it was not until four months 
after the flood that experiments with the dog were resumed. It 
has already been mentioned that a long time before the flood this 
dog served for a considerable number of valuable experiments. 
Now, in spite of all the therapeutic measures which have been 
applied, the animal still cannot be employed for experiments upon 
our usual problems. All that I can do, therefore, in the present 
lecture is to describe its condition. The scope of the normal life 
of the animal, at any rate under laboratory conditions, has narrowed 
down considerably. In the laboratory it reacts to the minutest 
stimuli either by a passive defence reaction (an investigatory reflex 
which is immediately followed by inhibition of all movements and 
even refusal of food) or, as an exception to its type, it sleeps. Only 
in two ways can any return to normal conditions of life be brought 
about in this dog: either there must be adopted a quick transition 
from the conditioned stimulus to its reinforcement with food (within 
1-2 seconds from its beginning), or else the experiments must be 
conducted with the animal on the floor and with the experimenter 
constantly moving about in the same room. In the latter case the 
animal trots after the experimenter during the whole of the experi- 
ment, but even so the reinforcement of the conditioned stimulus 
must not be too much delayed. Both methods effect improvement 
in the same manner, the animal now ceasing to react to small changes 
in the environment in the same way that it did before, so that it 
is now able to take the food unless disturbed by stimuli of unusual 
strength. Conditioned reflexes begin, under these conditions, to 
return. It is, however, only necessary to delay reinforcement 
until 5-10 seconds from the beginning of the conditioned stimulus 
for the animal quickly to grow drowsy and even fall asleep over its 
plate while taking the food. This truly extraordinary state of the 
nervous system may be pictured as a state of extreme exhaustion— 
a perfect example of the so-called faiblesse irritable. The disturbance 
obviously has its seat in the cortical elements, since the delicate 
reactions of the nervous analysers are essentially an intrinsic function 
of the cerebral cortex. A more detailed investigation of this dog is 
being conducted at the present time. 


LECTURE XIX 


Pathological disturbances of the cortex, result of surgical interference : (a) General 
disturbances of the cortical activity. (b) Disturbances of the acoustic analyser. 


Havine attained, on entirely objective lines, to a measure of under- 
standing concerning at least the main aspects of the physiological 
activity of the cortex, we naturally became interested to apply the 
method of conditioned reflexes to the study of cortical localization 
of functions in an endeavour to determine the importance of different 
parts of the brain for the normal functioning of the cortex as a whole. 
Experiments in this direction were planned even in the early stages 
of our research (see my communication at the International Medical 
Congress at Madrid, 1903). The only method so far available for 
such a study consists in observing the effects of partial destruction 
or complete extirpation of different parts of the cortex. This method 
naturally suffers from fundamental disadvantages, since it involves 
the roughest forms of mechanical interference and the crude dis- 
membering of an organ of a most exquisite structure and function. 
Imagine that we have to penetrate into the activity of an incompar- 
ably simpler machine fashioned by human hands, and that for this 
purpose, not knowing its different parts, instead of carefully dis- 
mantling the machine we take a saw and cut away one or another 
fraction of it, hoping to obtain an exact knowledge of its mechanical 
working ! The- method usually applied to the study of the hemi- 
spheres or other parts of the central nervous system is essentially 
as primitive as this. Hammer and chisel, the saw and the drill ; 
these are the instruments which must be used to open up the strong 
protective skull. Then we tear through the several layers of 
enveloping protective, membranes, rupturing many blood-vessels, 
and finally, we injure or destroy whole lumps of the delicate nervous 
tissue in different mechanical ways—concussion, pressure and 
incision. But such is the marvellous functional resistance and the 
peculiar vitality of the living substance, that, in spite of all these 
gross manipulations, within the lapse of only a single day it is some- 
times impossible without special and exact investigations to observe 
320 
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anything abnormal in animals submitted to cercbral operations. 
Accordingly, even by these primitive methods, some insight into the 
functions of the cortex can be gained. But the obvious usefulness 
of these crude methods should on no account satisfy the physiologist. 
He should strive to apply new advances of technical science and to 
seek ever new and more appropriate methods for the study of the 
exquisite mechanism of the hemispheres. Naturally the methods 
available for the investigation of the cortex at present, by means 
of extirpation of different parts, can but lead to entangled patho- 
logical states, and even the most guarded deductions with regard to 
the constitution of the cortex cannot therefore be ensured against 
a high probability of error. Indeed, since the special function of the 
cortex is to establish new nervous connections and so to ensure a 
perfect functional correlation between the organism and its environ- 
ment, every disturbance of any part of it will be reflected upon the 
whole mechanism. Besides this direct influence of the operative 
procedure, which may reasonably be expected with time to diminish 
spontaneously, there is another very serious complication of the 
operation which appears later on—namely, the development of a 
scar at the place of cerebral lesion which now becomes a source of 
irritation and leads to further destruction of the surrounding parts. 
On the one hand the scar, owing to its mechanical irritation of the 
surrounding normal parts of the brain, sets up recurrent outbursts 
of nervous excitation; on the other hand, owing to pressure, 
distortion and rupture, it progressively disintegrates the hemispheres. 
I have been unfortunate in attempting to improve the operative 
technique, having made, as I now think, a big mistake. In order 
to obviate haemorrhage during the operation I used to remove in 
the dogs, long before the operation on the brain, the temporal 
muscles which cover the skull; this resulted in a partial atrophy 
of the bones of the skull, so that these could now be opened, often 
without the loss of a single drop of blood. But the dura mater in 
these cases also undergoes considerable atrophy, becomes dry and 
brittle, so that in most cases it is impossible to make use of it to 
close up the cerebral wound completely. As a result the wound was 
left after the operation in direct communication with the more ex- 
ternal tissues, which led to the formation of a very hard scar ulti- 
mately penetrating and growing into the cerebral tissue. Almost 
every animal that was operated upon suffered from attacks of con- 
vulsions which on some occasions occurred so soon as five to six 
A.P. x 
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weeks after the operation. A few animals died during the first 
attack, but more „usually the convulsions were not severe in the 
early stages and occurred at infrequent intervals. ln the course of 
several months they recurred more frequently and increased in 
force, finally either proving fatal or else leading to a new and very 
profound disturbance of the cortical activity. Therapeutic measures 
in the form of repeated anaesthesia or extirpation of the scar were 
found to be unreliable, though sometimes they were unquestionably 
effective. 

Besides the difficulties arising on account of the purely surgical 
interference itself, the experimenter has to take into serious account 
a further difficulty which is especially pronounced in the case of 
the cerebral hemispheres. In the living organism we constantly 
discover different mechanisms by means of which functional com- 
pensation of damaged and destroyed parts is effected. In the 
nervous system such vicariation and compensation of function 
occur in the most extreme degree. It is well known in the spinal 
cord—where it is facilitated by the complicated and varied course of 
the nerve fibres—and also in the peripheral nervous system. The 
effect of mechanical destruction of localized parts is thus neutralized 
to a considerable extent by compensation. In the highest parts of 
the central nervous system, which regulate the major part of the 
internal and external activity of the organism, the principle of 
compensation and vicariation must be still more pronounced. 

Having at our disposal the method of conditioned reflexes, 
related to different individual analysers, we attempted to determine 
and study the pathological disturbances affecting the entire cortex 
following the extirpation of one or another part, and also to use this 
study so far as possible in investigating the problem of the general 
construction of the hemispheres and the significance of its separate 
parts. 

The first change which follows the extirpation of some part of 
the cortex is the almost invariable disappearance of conditioned 
reflexes; but in the majority of cases it is only the “ artificial ” 
conditioned reflexes which disappear, i.e. those which were established 
in the laboratory, being therefore relatively recent and little practised. 
If the “ natural” conditioned reflexes have also disappeared they 
are always the first to reappear ; but usually no disappearance of 
the natural conditioned reflexes could be observed even though 
tested immediately after the recovery from the anaesthetic ad- 
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ministered during the operation. Examples of the greater resistance 
of conditioned reflexes to ‘‘ natural ” stimuli as compared with those 
established to “ artificial’ stimuli occur in every research upon 
partial extirpation of the cortex and there is therefore no need to 
give any special examples. As a rule the conditioned reflexes 
disappear after the operation, whether it is performed on one or 
both of the hemispheres and on whatever portion of them it is 
carried out. The absence of “ artificial” reflexes persists for diffe- 
rent lengths of time, varying from a single day to several months. 


Fissura postcruciata 


ialis 
pienia 
9s 








s postcruciat 
bo gyrus postcruciotus 


F cruciata 
wo DRS 


Ses 9. praecruciatus 


—__————F praecruciata 
aw F. praesylvia 


¢ 






oo ` 
Toiractos 






g. compositus anterior 
g. pyriformis 
g compositus posterior 


Fig. 8.—Dog’s brain showing the outer surface. 
The nomenclature used is that of Ellenberger and Baum. 


Usually the greater the lesion the more prolonged is the absence of 
the reflexes ; but considering the whole number of our experimental 
animals we find in this respect not a few exceptions. Even in animals 
in which the operations were apparently identical as to the place and 
extent of the lesion, there are great variations as to the length of 
time during which conditioned reflexes are absent. It is highly 
probable that, apart from the skill and neatness with which the 
operation was performed, the ultimate extent of the irritation and 
the destruction of the tissue depend upon the anatomical and func- 
tional peculiarities of the operated animal. After the operation the 
conditioned reflexes never return all at once, but in sequence, 
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depending not only, as already mentioned, upon the stability of 
«the reflex, but also upon the locality of the lesion. Generally speaking, 
reflexes belonging to those analysers which are most distant from 
the place of the lesion recover quickest. For example, after the 
removal of the gyrus pyriformis [experiments of Dr. Zavadsky] the 
conditioned reflex from the surface of the mouth (the ‘“ water 
reflex ” which will be discussed later) reappeared on the eleventh 
day, the reflex to the smell of camphor on the eighteenth day, the 
reflex to an increase in the general illumination of the room on the 
twenty-fifth day, while the reflexes to conditioned tactile stimuli 
failed to recover even by the thirty-fifth day. The experiments 
demonstrate a certain disturbing influence which has spread from 
the point of lesion over the mass of the hemispheres and has then 
receded to the point of origin. This disturbing influence is, of course, 
generally speaking, due to the irritation caused by the lesion. It 
has already been shown that the influence of very strong stimuli, 
and even a conflict between nervous processes of opposite sign, lead 
to a prolonged inhibitory after-effect. It is, therefore, only natural 
to expect the same to result from a surgical destruction of a portion 
of the cerebral cortex itself. 

When the conditioned reflexes finally get re-established they are 
found not only to regain their normal strength but often to exceed 
it, often also becoming considerably more stable than before. The 
inhibitory process, on the other hand, grows weaker. Many examples 
of this can be quoted from the experiments at our disposal. Thus, 
after extirpation of a part of the acoustic area of H. Munk in two 
dogs (see Fig. 13), the conditioned alimentary reflexes not only made 
a complete recovery but considerably increased in strength, and 
kept constant throughout every single experiment, whereas before 
the operation they used to decrease considerably towards the end 
of an experiment [experiments of Dr. Eliason]. The increase in the 
strength of the conditioned reflexes was still more conspicuous in 
another dog, after removal of the occipital lobes. The alimentary 
reflexes in this dog measured before the operation 1-2 drops during 
the isolated action of the conditioned stimuli; after the operation 
13 drops [experiments of Dr. Koudrin]. In many dogs there is 
observed after an operation a very definite prolongation of the salivary 
secretion which follows the administration of an unconditioned 
stimulus: the length of time required for complete extinction of 
the reflex also becomes in many dogs very prolonged : the develop- 
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ment of differentiations and conditioned inhibitions becomes more 
difficult and very often salivary secretion is observed in between 
the application of the stimuli—this nevér happening before. This 
last is most probably to be accounted for by dis-inhibition of the 
reflex to environment (see the seventh lecture). It is an open 
question whether this weakening of the inhibitory cffect is the 
result of an increase in the intensity of the excitatory process or 
whether the excitatory process is revealed on account of weakening 
of inhibition itself. 

Another peculiarity with respect to inhibition is observed after 
surgical interferences. The inhibitory process becomes inert ; and 
so to speak inflexible. As we saw before, in normal animals the 
inhibitory after-effect becomes with practice concentrated with 
regard to its duration as well as its extent. In the post-operative 
period this concentration proceeds extremely slowly and is imperfect. 
This inertia of the inhibitory process is observed not only in the 
reflexes belonging to the analyser which has been surgically damaged, 
but also in reflexes belonging to other analysers [experiments of 
Dr. Krasnogorsky]. 

In this manner the endeavour to demonstrate by means of 
experiments with extirpation the disappearance out of the normal 
cortical activity of the functions related to the extirpated part is 
complicated in the first period after operation by the general effect 
which the opcration has upon the hemispheres as a whole. Although 
this unfortunate tomplication slowly and gradually disappears, it is 
followed, as already mentioned, by a second complication which also 
affects the hemispheres as a whole, and which depends on the de- 
velopment of scar tissue. The effect of the scar varies widely in 
different cases. After one and the same operation the injurious 
effect of the scar develops in some cases quickly and is severe; in 
other cases it is slow and feeble. Unfortunately the former was much 
the more common case in our experiments. The most usual effect 
of the scar consists in recurrent attacks of convulsions, sometimes 
affecting the whole body, and sometimes localized in one or another 
group of muscles. Such explosive outbursts of excitation in the 
hemispheres have a very pronounced after-effect upon their activity. 
In this respect one should distinguish changes which follow weak 
and rare attacks from changes following violent attacks or frequently 
recurring attacks of moderate strength. 

We shall start by considering the effect of the former. On 
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observing conditioned reflexes from day to day it is very often 
possible to predict the approach of an attack of convulsions with 
accuracy. If, suddenly, without any obvious cause the conditioned 
reflexes diminish in strength and then disappear, it is an infallible 
sign of an approach of an attack of convulsions. Sometimes it is 
possible to notice a still earlier sign, consisting in the disappearance 
of differentiations, i.e. in a disturbance in the inhibitory process. 
After an attack has passed, the re-establishment of the conditioned 
reflexes occupies a variable length of time, requiring sometimes 
hours, and sometimes days. In some instances the re-establishment 
of conditioned reflexes assumes a complicated character. Immediately 
after the termination of the attack conditioned reflexes are present, 
but, some time after, they again disappear, now for a consider- 
able length of time. This may possibly be explained by an initial 
irradiation of the outburst of excitation, followed subsequently by 
concentration and negative induction. So far as the effect of very 
strong or frequent attacks is concerned their after-effect is very 
variable. In one dog they were apparently the cause of an absolute 
deafness ; another dog, which after the operation behaved quite 
normally towards men and towards other dogs and food, began 
after a severe attack of convulsions to dodge and run away from 
other dogs and from men. Finally a fresh attack killed her. A 
third dog, after numerous and frequent attacks, showed quite 
peculiar symptoms. The dog will be described later in detail, but 
meanwhile I shall describe one of the symptoms. in this dog, after 
the attack, all the reflexes returned ; they had, however, to be used 
with practically simultaneous reinforcement. Even small delays 
(up to 5 seconds) quickly led on repetition to disappearance of the 
conditioned effect, with refusal of food and development of sleep. 
Obviously the dog suffered from a chronic state of faiblesse irritable 
such as was described in reference to another dog at the end of the 
preceding lecture. After each recurrence of the attack this peculiar 
symptom became more pronounced. It is natural to regard this 
change as due to a functional exhaustion of the cortical elements 
consequent on the convulsions; the cortical elements now, under 
the action of external stimuli, rapidly undergo a transition into an 
inhibitory state, the connection of which with sleep has been 
discussed previously. In this dog the functional exhaustion, like 
the excitability producing it, affected the entire cortex. It is 
often, however, restricted to the particular analyser which was 
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most directly affected by the surgical interference. Examples of 
this will be given later. 

In some cases the effect of the scar manifests itself in a different 
manner, being limited to a hyper-excitability of analysers other 
than the motor one, and therefore not associated with convulsions. 
One dog after extirpation of the frontal lobes [experiments of Dr. 
Babkin] quickly recovered from the effects of the operation, but 
two months later it developed an extreme cutaneous hyperaesthesia 
which lasted for ten days : the animal would howl at the most gentle 
touch and even at its own movements, and after this would shrink 
down into a heap on the floor. Evidently the scar in the cutaneous 
analyser served as a source of irritation to the cortical area of 
localization connected with the receptors of injury (subjectively 
pain), if indeed such analyser exists in an independent localized form. 

A still more interesting case was presented by another dog after 
a partial extirpation of the cortical part of the cutaneous analyser 
{experiments of Dr. Eroféeva]. One and a half months after the 
operation a vigorous attack of convulsions occurred. During this 
attack the animal was subjected to a further operation, the scar, 
which gave outgrowths considerably beyond the site of the original 
lesion, being carefully removed. The convulsions did not recur after 
the operation, but another form of disturbance developed which 
lasted at each recurrence for several days. When either experimenter 
or food came into the field of vision of the left eye (the animal being 
operated on the‘right side) it quickly turned away, and if free ran 
away, showing signs of extreme excitation. The same stimuli when 
applied from the right side of the animal produced no abnormal 
reaction. Often, free and on its own, the dog would suddenly glance 
to the left, quickly jump up and run madly away. This can all be 
interpreted if we assume that some remaining portions of the scar 
directly irritated the visual analyser on one side, thereby producing 
a distortion of the effect of the external stimuli falling on the retina 
and altering the significance of the visual object, which assumed in 
the dog’s cortex unusual and extraordinary aspects to which the 
animal reacted as to any concrete and definite stimulus—exactly 
in the same manner as happens also with normal animals in response 
to any extraordinary visual stimulus. In short, the scar produced 
a phenomenon of illusion. Obviously a similar condition obtained 
in the dog previously mentioned, which after an attack of convulsions 
began to run away even from its usual attendant and from the food, 
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exhibiting a violent general excitation. It is probable that the 
outburst of excitation resulting from the sear, after having freed 
the motor area of the cortex, was still retained for some time in the 
visual analyser. It is legitimate to regard these cases as the equiva- 
lent of epileptic disturbances of the motor analyser. 

The foregoing observations led to our planning a detailed investi- 
gation of the effects of direct stimulation of the different cortical 
analysers. By permanently healing electrodes in different points 
of the hemispheres we are hoping to produce in our dogs by means 
of electrical stimulation definite changes in the reactions to our usual 
conditioned stimuli. The difficulties of technique have been overcome 
and the experiments are at present in progress. 

It is unfortunate that the majority of our experiments with 
extirpation were performed in the earlier period of our research, 
when we had not definitely realized the peculiarities of the different 
individual types of the nervous system and had not yet any knowledge 
of the pathological effects arising under the influence of functional, 
i.e. non-surgical, disturbances. 

After this preliminary review of the general effects of surgical 
interference with the cortex I shall describe in detail the results 
obtained by the fullest possible application of the method of con- 
ditioned reflexes to our operated animals with the object of 
determining the physiological significance of the entire cortex and 
of larger or smaller parts thereof. 

In some of our animals a complete extirpation ofthe whol zortex 
was carried out (one animal survived the operation for 4} years). 
This operation had already first been introduced by Goltz, but it 
was undertaken in our experiments with the special object of deter- 
mining by our method the relation of the cortex to the higher nervous 
activity of the dog [experiments of Dr. Zeliony]. The general 
behaviour of the animals after the complete extirpation of the cortex 
has been described in detail on several occasions by Dr. Zeliony 
himself. I shall therefore dwell only upon the relation of conditioned 
reflexes to the cortex. Since all the usual conditioned reflexes were 
definitely absent in these dogs after the extirpation, and neither 
old nor new reflexes could be obtained in spite of the most persistent 
reinforcing of artificial stimuli or testing for natural conditioned 
reflexes, we concentrated our attention upon one peculiar conditioned 
reflex, which, according to our previous experiments, in contrast to 
all other conditioned reflexes, was extremely stable. I refer to what 
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we term “the water reflex ”—a conditioned reflex in response to 
stimulation of the receptor surface of the mouth. If, by means of 
an apparatus which is placed in the dog’s mouth, water is injected 
after a few preliminary injections of acid, the water which under 
normal conditions evokes hardly any salivary secretion (at most 
1-2 drops) now causes a copious secretion. Evidently the stimulation 
by liquid of some receptor nerve-endings of the mucous membrane 
of the mouth, coinciding with the effect of the acidity, acquires 
conditioned properties determining this large salivary secretion 
together with a corresponding motor reaction typical of the reflex 
to acid. The conditioned water-reflex, as will be shown later, 
possesses all the properties of a conditioned reflex. In the dog which 
survived the removal of the hemispheres the longest time (4} years), 
the water-reflex was established before the extirpation of the last 
portion of the hemispheres—the extirpation being performed in 
stages. The reflex measured 8-10 drops for injection of 5 c.c. of 
water. Beginning from the sixth day after complete extirpation of 
the hemispheres 5 c.c. of 0'25% solution of hydrochloric acid were 
repeatedly injected practically every day, over 500 injections being 
made in all. Only after seven months of this procedure did a salivary 
secretion to water appear, which gradually increased in strength 
until it measured 13 drops for injection of 5 c.cs. of water. Was 
this, however, a conditioned reflex? Decidedly not. The reflex 
in this case differed fundamentally from the ordinary conditioned 
water-refiex. The most important difference was that it could not 
be made to undergo extinction, which occurs with extreme ease in 
the case of the real conditioned water-reflex in normal animals when 
water is injected several times in succession without the acid. In the 
decorticated animal the effect of repeated injection of water became 
constant. By observing the dog after the administration of water 
the true nature of this reflex was revealed. After injection of water 
the animal exhibited typical movements, which otherwise were 
observed only when the animal was hungry. It started walking to 
and fro with head bent low and twitching nostrils, as if reaching for 
something. On further investigation it became obvious that the 
contact of water with the mucous membrane of the mouth evoked 
in this dog a strong unconditioned alimentary reflex. This was 
corroborated by the fact that unconditioned reflexes, e.g. salivary 
reflexes, after removal of the cerebral cortex, become at first 
diminished, afterwards, however, gradually recovering their 
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wonted strength and finally becoming very much increased above 
normal. 

To present the final conclusion of these experiments with the 
utmost reserve, the cerebral cortex should be regarded as the essential 
organ for the maintenance and establishment of conditioned reflexes, 
possessing in this respect a function of nervous synthesis of a scope 
and exactness which is not found in any other part of the central 
nervous system. 

Of the individual analysers most attention was paid to the 
acoustic, and I shall commence my description with this. An absolute 
deafness following extirpation of a part of the cerebral cortex was 
observed in three dogs. In two of these animals [experiments of 
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Fig. 9. 


Dr. Koudrin] the cortical substance was removed posterior to a line 
starting from a point above and immediately behind the gyrus 
sigmoideus, stretching to the tip of the gyrus sylviaticus and then 
passing along the fissura fossae sylvit (Fig. 9). The operation was 
performed in two stages, first on one and then on the other side. 
Absolute deafness appeared immediately after the second operation. 
One of the dogs lived for nine months after the operation, the other 
for seven. In the third dog [experiments of Dr. Makovski] a bilateral 
extirpation was performed of the gyri sylviaticus posterior, ectosyluius 
posterior and suprasylvius posterior. On one side there were included 
also the middle and the frontal portions of these convolutions (Fig. 10). 
Absolute deafness occurred one and a half months after the operation. 
On the day previous to the deafness a weakening of the inhibitory 
processes was observed : this was probably followed during the night by 
an attack of convulsions. The animal lived after this, in apparently 
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good health, for another month. During this period new conditioned 
reflexes were developed to stimuli belonging to the tactile, olfactory 
and visual analysers. The animal died during an attack of con- 
vulsions. Other animals, which were operated on in exactly the same 
manner as the last, continued to react to sound, though in some cases 
they survived the operation even longer. 

How can we explain the absolute loss of all auditory reactions ? 
Since if must be regarded as definitely proved that after complete 
removal of the whole cortex dogs still continue to react to sound, 
it must be admitted that in the three cases of absolute deafness 
described above there must have been some damage of sub-cortical 
structures or a development of inhibition which spread into the 
sub-cortical areas. The latter possibility ought not to be excluded, 





Fig. 10. 


since on histological examination (unfortunately rather crude) no 
damage of sub-cortical structures could be observed; further, in 
the first two dogs a general reaction to light, which at first entirely 
disappeared, returned two months after the operation, and a con- 
ditioned reflex to light even reached its pre-operative intensity ; 
finally, it is well known how extremely easily different impulses 
originating within the hemispheres inhibit reflexes of lower centres. 
If such an inhibitory effect is accepted as the cause of deafness in 
the third dog, we have to assume that this inhibition spread solely 
throughout the ramifications of the acoustic analyser, without 
involving any other analysers. 

As a rule the general auditory motor reactions (pricking up the 
ears and lifting the head), after removal of the temporal lobes or 
of the whole posterior half of both hemispheres, return within a few 
hours, or a day or two at most ; in some cases they do not disappear 
at all. This general reaction to sound is an unconditioned investi- 
gatory reflex belonging to sub-cortical regions, since it remains 
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present in dogs even after removal] of the entire cerebral cortex. 
The rest of the auditory reactions must be attributed to the cortex, 
and these functions of the acoustic analyser at first entirely disappear 
after the limited operations described above, then return, never, 
however, recovering completely. 

When, after bilateral removal of the temporal lobes, the investi- 
gatory reflex to sound has already returned, as well as conditioned 
reflexes to stimuli belonging to other analysers, all auditory condi- 
tioned reflexes are found still to be absent. Such a state may last 
for many days or even for several months, depending upon the extent 
of the operation. Moreover, it is of importance that both temporal 
lobes should be removed at one time, or in two operations shortly 
following one another, first on one side and then on the other. If 
the two operations are performed with a long interval between them 
the phase of complete disappearance of auditory conditioned reflexes 
may be absent. What does the temporary absence of auditory 
conditioned reflexes mean? Several possible interpretations can 
be advanced. First, it is possible that the cells of the acoustic 
analyser still remaining after the operation are rendered incapable 
of developing a state of excitation, and under the influence of external 
stimuli pass directly into an inhibitory state, it may be on account of 
being weakened by the operation, or on account of being decreased 
in number, or on account of being previously kept in reserve and 
not involved as a general rule in the activity of the acoustic an ‘ser 
before the operation. Second, it is possible that after the ope'..vion 
the analysing function of the cortical part of the acoustic analyser 
is so diminished that all the sounds now affecting the dog, both inside 
and outside the laboratory, acquire identical qualities and therefore, 
more frequently than not, fail to coincide with the unconditioned 
stimulus, with the result that the conditioned significance of the 
definite acoustic stimulus disappears on account of extinction. 
Finally, it is possible that under the influence of the operation the 
synthetic activity of the acoustic analyser, involved in the mainten- 
ance or establishment of conditioned reflexes, itself weakens or 
temporarily disappears. Special experiments were performed in 
order to test these suppositions [Dr. Krijanovsky]. 

In one test use was made of an auditory stimulus as a conditioned 
inhibitor. Two conditioned inhibitors of the same alimentary reflex 
to camphor were established in a dog; one was a tactile stimulus, 
the other auditory (tone d’, 288 d.v. of a pneumatic tuning fork). 
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Three days after bilateral removal of the temporal lobes (Fig. 11) 
the positive conditioned reflex to camphor had already reappeared. 
The conditioned inhibitors remained practically without any effect 
for several more days, but from the twelfth day on gave a 
full inhibition. It was noticed now that any other sounds had 
exactly the same inhibitory effect as the original conditioned in- 
hibitor. All positive acoustic conditioned reflexes were absent at 
this stage ; neither the sound of splashing of acid nor the sound of 
cracking of biscuits, to both of which under normal conditions 
reflexes developed with extreme ease, could be made to evoke a 
conditioned response. The fact that any sound acted in the capacity 
of a real conditioned inhibitor and not as an agent of external 





Fig. 11. 


inhibition was proved by means of destruction of the conditioned 
inhibition by reinforcing the action of the inhibitory combination 
by the administration of food and then re-establishing it by dis- 
continuing the reinforcement. In control experiments the same 
destruction and re-establishment was repeated with the tactile 
conditioned inhibitor. It follows from these experiments that the 
sounds acted as true conditioned inhibitors, and, therefore, that the 
analyser was capable of performing an inhibitory function while the 
function of excitation was still absent. In other words, the analysing 
function of the cortex was impaired. Only several days after the 
above experiments did the positive conditioned reflexes to sound 
begin to reappear. 

In a second method of testing our suppositions, in particular 
the supposition of extreme generalization of sounds, we used long- 
trace reflexes in which, as is known, the stimuli are generalized 
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beyond the limits of a single analyser (Lecture VII). In the case 
of long-trace reflexes perfectly neutral stimuli assume the character 
of accessory conditioned stimuli, which act in the same manner as 
the original trace stimulus, i.e. the secretion begins after the same 
latent period. Now it was determined to test whether these condi- 
tioned accessory reflexes to auditory stimuli in general would still 
be present at the time of absence of the specific reflexes to these 
stimuli. For this purpose the dog had a definite trace reflex estab- 
lished to a tactile stimulus in which the pause between the end of 
the conditioned stimulus and the beginning of the unconditioned 
stimulus was two minutes. Usually the conditioned secretion 
started during the second minute of the pause. Ten days after 
complete removal of the temporal lobes the trace reflex to the tactile 
stimulus reappeared. On the twelfth day an auditory stimulus gave 
8 drops during 4 minutes, the secretion starting during the third 
minute after the termination of the stimulus. On the seventeenth 
day the same auditory stimulus gave 38 drops during 6 minutes, 
the secretion starting as in the case of the primary trace stimulus 
during the second minute of the pause. It was only on the thirty-fifth 
day that the conditioned reflexes to the actual isolated action of the 
conditioned auditory stimuli first began to appear. This experiment 
shows once more that the auditory stimuli had assumed an extremely 
generalized character, so that sound as a general stimulus still 
continued to act, although individual sounds had lost their specific 
conditioned significance. It is, moreover, evident that the function 
of synthesis was not lost, and after these experiments special testing 
of the third supposition was unnecessary. 

The two types of experiment just described probably belonged 
to two different post-operative states of the acoustic analyser, the 
first an earlier, the second a later stage. This is the more probable 
since in other dogs which were subjected :to a similar operation 
(Fig. 12) we also observed a generalization of auditory conditioned 
simultaneous and short-delayed stimuli [experiments of Dr. Babkin]. 
The following is one of these experiments : 

A conditioned alimentary reflex had been established to a 
descending scale of four neighbouring tones, and this was completely 
differentiated from the same scale taken in the ascending direction. 
On the eighth day after removal of the temporal lobes the experiment 
proceeded as follows : ` 
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Time | Conditioned stimulus during | Salivary Secretion in drops 
secon during 30 seconds 

11.13 a.m. Descending scale of tones 7 Reinforced 
11.25 , Descending scale of tones 6 Reinforced 
11.33 ,, A subdued tone 2 

11.36 , Tapping on a glass bottle 6 

11.39 ,, Clapping the hands 1 Not reinforced 
11.42 ;, Whistling 3 

11.46 ,, Tapping on a glass bottle 3 

11.49 , Descending seale of tones 1 Reinforced 
11.55 ,, Tapping on a glass bottle 2 

11.58 , Tapping on a glass bottle 1 } Not reinforced 
12.1 p.m. Scratching on the table 0 

123 ,„ Descending scale of tones 2 Reinforced 
12.15 ,, Descending scale of tones 6 Reinforced 
12.25 , Tapping on a glass bottle 4 Not reinforced 








All the stimuli, except the scale of tones, used in the above 
experiment were “ neutral,” i.e. had never been reinforced. 





Fig. 12. 


It is seen from this experiment that besides the previously 
established auditory conditioned stimulus many other sounds, which 
never previously had any conditioned significance, now acted some- 
times as effectively as the descending scale of tones. When these 
extraneous sounds weakened in their effect on account of non- 
reinforcement, the conditioned stimulus also considerably diminished 
in its effect (11.49; 12.3). On reinforcing the conditioned stimulus 
the effect of the other sounds also became increased (12.25 p.m.). 
The sound in its capacity of a conditioned stimulus had become 
extremely generalized, and its analysis had become impaired so as 
to be practically negligible. When the power of analysis begins to 
reappear the improvement proceeds very often with extreme slowness. 
First of all musica] tones are distinguished from other kinds of sound, 
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like knocks and noises. The differentiation between different tones 
remains imperfect for a very long time; in these experiments of Dr. 
Babkin, for example, differentiation between single tones only began 
to return through gradual stages two months after the operation. 

The absence or the diminished precision of the analysing function 
of the acoustic nervous apparatus described is obviously identical 
with what H. Munk terms “ psychic deafness.” It is impossible, 
however, not to see the fundamental difference between the purely 
physiological and the psychological interpretation of these facts. 
According to the definition of Munk “the animal hears but fails to 
understand,” and experimentation becomes sterile in the interpre- 
tation of “ understand.” But the physiological point of view opens 
up a vast field for experimentally investigating the different stages 
of the re-establishment of functions in the damaged acoustic analyser. 
Under normal conditions sounds are differentiated according to their 
strength, duration, continuous or interrupted character, point of 
origin, and nature— whether tones, knocks, noises, ete. It must be 
expected—and in this respect it can be stated that we have definite 
proof—that in returning to normal the damaged acoustic analyser 
passes through different stages of activity, and only by detailed 
investigation of these stages can we hope ever to reach a complete 
understanding of the mechanism of acoustic analysis. 

The foregoing does not complete our picture of the disturbances 
in the functions of the acoustic analyser after the removal of the 
temporal lobes. There is another, probably the most important, 
functional disturbance. It was noticed a long time ago, by many in- 
vestigators, that after an operation upon the temporal lobes dogs cease 
to respond to theirnames. This was observed also in our experiments, 
and we believe that it can only be explained by a disappearance of 
the special analysis of conditioned auditory compound stimuli. In 
order to verify this point special experiments were performed by 
Dr. Babkin. Conditioned stimuli were established to different tones 
applied in different sequences or with different intervals between 
them. One definite sequence was used for a positive conditioned 
reflex, others for negative ones (differentiation). These differentia- 
tions, as mentioned in the eighth lecture, were much more difficult 
to establish than differentiations of single tones. Besides the differen- 
tiation of compound auditory stimuli, differentiations of single tones 
were also established. Both temporal lobes were then extirpated in 
these animals. The disturbances which followed the operation were 
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exactly identical in the five dogs employed for the experiments. 
While the differentiation of single tones sooner or later became 
re-established with the same precision as before the operation (a 
differentiation of intervals of a single tone), there was never the 
slightest trace of any re-establishment of a differentiation of the 
successive compound stimuli, though most of the dogs were tested 
for 2-3 months after the operation, and one dog for nearly three years. 
In the latter dog [originally observed by Dr. Koudrin] the entire 
posterior part of the hemispheres was removed as in the two dogs 
previously described (see Fig. 9, p. 330). The final operation was 
performed on the 5th May, 1909. The experiments to be described 
were started towards the end of 1911. Alimentary conditioned 
reflexes were established to an ascending scale of tones of pneumatic 
tuning forks—290, 325, 370, and 413 d.v., and to a separate tone of 
a Stern’s tone-variator—1200 d.v. The reflexes developed fairly 
quickly and a differentiation between the single tone of 1200 d.v. 
and a tone of 1066 d.v. was attempted through stages of differentia- 
tions from 600 and then 900 d.v. The final differentiation was 
successfully established. A differentiation of the descending scale, 
on the other hand, completely failed to be established in spite of 
150 repetitions of the descending scale contrasted with 400 of the 
ascending scale. The reaction to calling the dog by name was also 
absent during the whole period of three years. The following 
example is taken from a late stage of these experiments (15th March, 
1912). 











Time Conditioned stimulus during Salivary Secretion during 
0 seconds Beco: 

2.10 p.m. Ascending scale of tones 7 
2.29 , $3 ý ” 5» } Reinforced 
2.44 » LEd 2 ” 5 ` 
2.53 „ Descending scale of tones f 
2.58 ” » ” ” reinf 
3.2 $2 n” »”» n” 2 Not orced 
37 » non » Traces 
i rA Ascending scale of tones TA } Reinfore ed 





To the same group of experiments probably belongs also the 
following, up to the present solitary, case [experiments of Dr. 
Eliason]. A conditioned alimentary reflex was established to a 


chord of tones of a harmonium 85-256-768 d.v. (F-c’-g”). When the 
AP. Y 
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reflex reached its maximum strength the different component tones 
were tried separately. They all produced a positive effect weaker 
than that of the chord but approximately equal in strength among 
themselves. The effect of intermediate tones was extremely small. 
After the removal of the anterior portions of the temporal lobes 
(Fig. 13) the relative effect of the different components underwent a 
considerable change. The effect of 768 d.v. and of the neighbouring 
tones disappeared altogether, though the reflex to the chord returned 
on the fifth day after the operation. The lower component of the 
chord—85 d.v.—when tested alone began to act with increased 
vigour, its effect often being equal to that of the whole chord. What 
can be the explanation of the extremely definite results of these 
experiments ? The first explanation that suggested itself was that 





Fig. 13. 


the reflexes to the higher musical tones had been selectively disrupted 
as a result of the operation. This, however, was absolutely disproved, 
since when the tone of 768 d.v. was reinforced independently of the 
chord it very quickly assumed independent and very definite 
properties as a strong conditioned stimulus. To our great regret 
this dog died before we could accomplish different modifications in 
the experiments. The absence of the effect of the higher tone before 
it was independently reinforced cannot be attributed to any difference 
in strength of the tones in the chord, since the highest tone was if 
anything stronger than the two lower ones. The observations are 
in accord with the theory of the existence of a special part of the 
acoustic analyser in which the synthesis and analysis of successive 
and simultaneous compound auditory stimuli is effected (the acoustic 
area, of H. Munk). Such part of the acoustic analyser would provide 
a parallel with the undoubted projection of the retina upon a definite 
part of the visual analyser. According to this supposition such part 
of the acoustic analyser in the cortex must be regarded as a special 
receptive field which is connected with all the parts of the peripheral 
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acoustic apparatus, so that on account of the specially favourable 
local structural peculiarities a facility is afforded for the formation of 
various and complicated connections, involving the establishment of 
reflexes to most complex compound auditory stimuli as well as their 
analysis. A partial destruction of this portion leads to a dropping 
out from the compounds of some of the individual components, 
and a complete destruction entirely eliminates the higher synthesis 
and analysis of compound stimuli. After complete removal of 
the temporal lobes auditory conditioned reflexes still continue 
to exist [Dr. Kalischer,1 and our own experiments], and an 
elementary differentiation can still be effected, while after extirpation 
of the whole cortex all conditioned reflexes entirely and permanently 
disappear. Only one conclusion, therefore, can be drawn, namely, 
that in the cortex, besides the special part of the acoustic analyser, 
there must exist some extensions of the analyser dispersed more 
widely over the cortex, and maybe throughout its whole mass. 
These elements owing to their dispersion are not able to enter into 
complex interconnections, though they can still perform an elementary 
synthesis and analysis. It is possible also that the simplification or 
limitation of activity of different parts of the acoustic analyser 
increases with their distance from the cortical “ nucleus ” of the 
analyser. 

The hypothesis of such a distribution of the cortical part of the 
acoustic, and probably of any other, analyser seems to me to conform 
best with the avaflable facts, and to open also an unlimited field for 
further investigation. It would fit in with the wide dispersion, 
which will `e proved later, of any one analyser between the other 
analysers, far beyond the limits of the hitherto accepted localizations. 
It would also agree with the existence of a special ‘‘ nucleus ” in 
each analyser in which, on account of the density and the exceptional 
concentration of the elemental units of the given analyser, the higher 
synthetic and analytic activity is rendered possible. Again, it could 
also without difficulty explain the gradual improvement by practice 
of the activity of the remnants of the analysers, the functions of 
which are so limited immediately after the lesion of its nucleus. 
Ultimately it should also determine the limits to which such an 
improvement could extend. In the dog last mentioned the elementary 

10. Kalischer. ‘Zur Funktion des Schlafenlappens des Grosshirns.”’ 


Sitzungsber. der kénigl. preuss. Akademie der Wissensch. Physik. mathem. 
KI. v. 10, p. 204. 1907. 
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analysis of tonces had probably reached the maximal degree possible, 
the loss of the higher synthesis and analysis reinaining permanent 
even after three years of practice. 

The hypothesis suggested, of such a wide distribution of analysers 
in the cortex, naturally sets up further problems for experimentation 
which should be used to test its validity. In regard to the acoustic 
analyser, before a partial extirpation there should be developed as 
great a number as possible of positive elementary and compound 
stimuli, and various differentiations. The different general pro- 
perties of the elementary stimuli should be determined for each dog, 
their threshold strength, the conditions under which positive stimuli 
acquire an inhibitory character, the mobility of the inhibitory process 
and the degree of its after-effect, and so on. Only such further ex- 
periments can demonstrate definitely the changes which occur as 
the result of an operation, how far these changes affect the general 
properties of the reflexes and what changes constitute the direct 
result of damaging different parts of the analyser. During the 
period of re-establishment of the acoustic function after the operation 
special attention must be paid, as was previously mentioned, to the 
determination of the different transition stages. It is obvious that 
in order to carry out such a plan a healthy and prolonged existence 
of the animal after the operation must be ensured. Unfortunately 
this cannot up to the present be satisfactorily attained. 


LECTURE XX 


Pathological disturbances of the cortex, result of surgical interference (continued) : 
(c) in the visual analyser ; (d) in the tactile cutaneous analyser ; (e) occurring 
after extirpation of the frontal lobes; (f ) on the thermal cutaneous analyser ; 
(g) arising after extirpation of the gyrus pyriformis ; (h) in the motor analyser. 


Tue pathological disturbances of the visual analyser, which will be 
discussed next, have not been studied in our laboratory to the same 
extent as those of the acoustic analyser, but such experiments as 
have been performed permit us to trace very similar relations in the 
activity of the two analysers after extirpation of corresponding 
parts of the cortex. 

It was shown by Goltz with his decorticated animal, that the 
“ investigatory reflex ” to light can be brought about, in its most 
rudimentary form of a motor reaction, through sub-cortical areas 
alone, without any co-operation of the cortex. This, however, is 
all that could be deduced from Goltz’s experiments. Neither is there 
any indication in the writings of subsequent authors as to the exis- 
tence in such animals of any higher visual functions. In our decor- 
ticated dogs [experiments of Dr. Zeliony], even this elementary 
reaction was not sharply defined, so that it would seem unquestion- 
able that the entire scope of the visual function beyond this very 
elementary and limited reaction belongs exclusively to the cerebral 
cortex, exactly as in the case of the analyser of the mouth (e.g. 
the water-reflex) and the acoustic analyser in the experiments 
previously described. It has been shown that even in the case of 
the primitive analyser of the mouth no conditioned connections 
could be established in absence of the cortex, although a certain 
rudimentary analysis was still possible (such dogs rejected many 
non-alimentary or irritating substances). In the case of the visual 
analyser there can be no question at all of any possible establishment 
of conditioned reflexes to visual stimuli exclusively through sub- 
cortical areas. 

In common with all previous observers, including Minkovski, 
we obtained a very definite diminution of the visual field, either in 
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the horizontal or the vertical direction, in one or both eyes, according 
to the site of the damage in the occipital lobe on one or upon both 
sides. Thus, objects which happen to fall within the intact parts 
of the visual field continue to evoke their corresponding reactions, 
while the same objects but slightly shifted in position fail to evoke 

- any reaction on the part of the animal. Evidently the occipital 
lobes must contain the nucleus of the visual analyser, upon the 
integrity of which depends the existence of visual reflexes, involving 
the more complicated forms of synthesis and the finer shades of 
physiological analysis. After bilateral extirpation of the entire 
occipital lobes none of our dogs ever showed any sign of object vision 
during the whole time of survival after the operation (one animal 
survived three years). Neither men nor animals nor food were 
discriminated by these animals by sight. We would frequently lay 
upon the floor, or suspend on strings at different heights, pieces ot 
food, but there was not a single dog after bilateral extirpation of the 
occipital lobes, which, however long it had been deprived of food, 
ever on one single occasion directed its movement by sight. The 
dogs directed themselves to the pieces of food obviously only by 
means of olfactory and tactile stimuli. The definite limitations of 
the visual field in the horizontal or vertical plane following damage 
of different regions of the occipital lobes show that the loss of object 
vision depends upon the absence of the higher synthesis and analysis 
of visuai stimuli rather than upon disturbances in the accessory 
visual reactions—convergence and accommodation; moreover, 
animals with removed occipital lobes equally fail to discriminate 
objects whether large or small, distant or near, in strong, medium 
or weak light. 

Although the main nucleus of the visual analyser—the organ 
of the higher analysis and synthesis of visual stimuli—is located in 
the occipital lobes of the cortex, yet these do not constitute the 
entire analyser. The visual analyser is dispersed over a much wider 
area, and probably over the whole mass of the cortex. Even in the 
older days of the physiology of the cortex it was the teaching of 
several authorities that the frontal lobes also had a definite relation 
to vision. This conclusion was derived from the impairment of 
vision which appeared after extirpation of the frontal Jobes—a form 
of negative evidence which cannot be accepted as sufficient proof, 
since the facts could be interpreted in terms of a protracted indirect 
inhibitory after-effect of the operation itself. At the present time, 
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however, we are in a position to offer positive evidence for the view 
that a part of the analyser capable of performing a considerable 
visual analysis is situated in the anterior part of the cerebral cortex 
in front of a line beginning from a point above and immediately 
behind the gyrus sigmoideus, stretching obliquely downwards and 
laterally to the anterior angle of the gyrus sylviaticus, and then passing 
along the fissura fossae sylvii to the lower margin of the hemispheres 
(see Fig. 18, p. 363). We found in our dogs, after extirpation of the 
entire mass of the cortex behind this line, that stable conditioned 
reflexes could be established to changes in intensity of illumination, 
observations which are in complete agreement with the experiments 
of Kalischer. But, in addition to this, we found that a discrimination 
of tolerably fine gradations of the intensity of illumination could be 
definitely established. These obscrvations give a simple and purely 
scientific interpretation of what has been called by H. Munk “ psychic 
blindness.” The visual analyser which is considerably damaged 
after removal of the occipital lobes can now establish conditioned 
connections only within the scope of a single limited function, 
namely, reactions to fluctuations in luminosity. On account of this 
the animal in an illuminated room is still able to avoid dark objects 
and to walk out through an open door guided by differences in lumi- 
nosity. In view of these facts it would be more exact to reverse the 
psychological phrase ‘‘ that the dog sees but does not understand,” 
and to say “ that the dog understands but does not see sufficiently 
well.” Such formularization is, of course, impermissibly redundant, 
since the whole disturbance primarily consists in the limitation of 
the analysing activity. The scientific value of this objective point 
of view has been fully confirmed by our further investigation. In 
one of our dogs which retained the cortex only in front of the above- 
mentioned line, it was possible to establish conditioned reflexes 
involving a still higher function of the visual analyser than dis- 
crimination of differences in luminosity. This is the dog which was 
mentioned as having survived the operation for three years, and 
which was described at the end of the preceding lecture as having 
permanently lost the power of analysis of compound auditory 
stimuli. I shall describe our experiments upon this animal with the 
use of visual stimuli in detail [experiments by Dr. Koudrin]. The 
operation on the hemispheres was performed in two stages, with an 
interval of one month in between. The final operation took place 
on the 5th May, 1909. An alimentary conditioned reflex, established 
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before the operation, to switching on a hundred candle-power lamp 
in a semi-darkened room, definitely returned on the fifth day after 
the final operation. On the eleventh day it reached an even greater 
intensity than in the pre-operative period. Experiments with the 
visual reflex were then abandoned, the work being continued with 
auditory stimuli as described in the previous lecture. On the 7th 
September of the same year we began to establish a conditioned 
reflex to a moving luminous cross projected upon a screen in a semi- 
darkened room. The reflex developed quickly, and in the course of 
a week became of a considerable magnitude. From the 28th Sep- 
tember the luminous projection of the cross was held stationary. 
The reflex was still present although somewhat diminished in intensity. 
The development of a differentiation of the cross from a circle of 
equal area and equal luminosity was now begun. At the seventh 
and subsequent applications of the circle there was already a definite 
indication of a developing differentiation. The experiments were, 
however, interrupted and were not taken up again until after an 
intervening period of six months. After this interval the reflex to 
the cross was found still to be present. Its differentiation from the 
circle quickly developed and soon became constant. The following 
examples reveal a definite, though not yet absolute, differentiation. 




















Conditioned 
Time ae a0 Salivary Secretion Remarks 
seconds 
Experiment of lst April, 1910. 
11.40 a.m. Cross 8 drops during 30 seconds Reinforced 
11.50 , Circle 6 drops during 60 seconds | Not reinforced 
12.0 noon Cross 6 drops during 30 seconds Reinforced. 
Experiment of 5th April, 1910. 
11.35 a.m. Cross 6 drops during 30 seconds Reinforced. 
11.45 ,, Circle 1 drop during 60 seconds Not reinforced 
11.50 ,, Cross 3 drops during 30 seconds Reinforced 











A post-mortem examination of the dog three years after the 
operation confirmed the completeness of the removal of the whole 
posterior part of the cortex. 

There can be no doubt that in this dog the part of the visual 
analyser that was left in the anterior mass of the cortex was capable 
not only of establishing conditioned reflexes to changes in intensity 
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of illumination, but also to different shapes of illuminated or shaded 
areas. At the same time, in this dog, as in all others after removal 
of the occipital lobes, no conditioned reflexes to separate concrete 
objects could at any time be established. The development of 
conditioned reflexes to differently shaped areas was successfully 
achieved so soon as four months after the operation, and could 
probably have been obtained even sooner. On the other hand, 
object vision was entirely absent for the whole post-operative period 
of the dog’s life (3 years), and it is reasonable to suppose that this 
state of the visual analyser was final and irrevocable, at any rate 
towards the end of the life of the animal. In this connection it is 
of interest to inquire how it is that the dog could definitely discrimi- 
nate areas of dificrent shape during an experiment, and yet could 
not discriminate objects by their shapes when free. There is, of 
course, a vast difference between the environing conditions during 
the experiment and when the animal is set free amid a great number 
of different objects, each continually changing its aspect either in 
consequence of its own movement or the movement of the animal 
in relation to it. The sharpness of contour of the objects similarly 
never remains constant, depending on changes of illumination and upon 
the distance from the animal. During the experiment in the stand 
everything becomes much simpler as compared with the usual environ- 
ment. Probably, therefore, a very gradual and prolonged practice 
would have been required for the surviving faculty of discriminating 
shapes to assume any sort of practical usefulness for the animal. 
On the basis of our observations the results of damage of the 
visual and acoustic analysers may in the main be considered as 
comparable. A limitation of the visual field signifies a small damage 
of the visual analyser ; in the auditory analyser, if it is permissible 
to rely on the experiment upon a single dog, a dropping out of 
auditory compounds of elementary tones has an identical signification. 
A disappearance of discrimination of objects, t.e. disappearance of 
compounds made up of forms, shades, colours (in those exceptional 
dogs in which colour vision may be conjectured), in other words, 
a disappearance of the higher synthesis and analysis of visual stimuli, 
signifies a more extensive damage of the visual analyser. A com- 
parable disturbance in the case of the acoustic analyser can be 
recognized in a disappearance of discrimination of compound stimuli, 
that is, a loss of higher synthesis and analysis of auditory stimuli. 
In the case of maximal disturbance of either of the two analysers— 
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apart from a total destruction—the only function which survives 
is the discrimination of intensity of visual or auditory stimuli, 
Between these extremes there are some intermediate stages, in which, 
besides differences of intensity, differences in the configuration of 
luminous areas can be discriminated in the case of the visual 
analyser, and different types of sound—noises and musical tones— 
in the case of the auditory analyser. 

The next question we had to decide was whether the distribution 
of the tactile analyser over the cortex is analogous to the distribution 
of the acoustic and visual analysers ; in other words, whether besides 
the special nucleus of the highest activity in this analyser there is 
a wider dissemination of cortical tactile receptive cells with more 
limited activities. Although we are not in a position to give a final 
answer to this question we are yet disposed, on the basis of our ex- 
periments, to consider such a distribution as more than probable. 
T shall give some of our old and also our recent material relative 
to this question ; this material, besides its bearing on the distribution 
of the analyser, also presents some other points of interest. Many 
years ago it was observed that a removal of the anterior part of the 
hemispheres led to a disappearance of tactile conditioned reflexes, 
while reflexes to stimuli belonging to other analysers were retained 
[experiments of Dr. Tihomirov]. In later experiments [by Dr. 
Krasnogorsky] it was definitely established also that the motor area 
is more or less clearly demarcated from the special nucleus of the 
tactile analyser, and that definite parts of this special region represent 
‘projections of different parts of the skin. One of the dogs had, besides 
different reflexes belonging to other analysers, a tactile conditioned 
reflex to acid, which had been experimentally generalized for the 
whole surface of the skin. The gyri coronarius and ectosylvius anterior 
were now removed on the left side (see Fig. 14). On the fourth day 
after the operation conditioned reflexes belonging to the analysers 
other than the tactile were present. The generalized conditioned 
tactile reflex returned on the eighth day, but only to stimulation on 
the left side of {he animal, and soon reached its normal magnitude. 
On the tenth day the tactile reflex returned on the right side of the 
animal, but only to stimulation of the skin of the middle part of the 
body. On the fore limb and hind limb, on the shoulder and pelvic 
area it was entirely absent, the line of demarcation between those 
areas which had regained, and those which had lost, the reflex to 
tactile stimulation being very sharp. The loss of these reflexes 
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persisted up to the 90th day following operation, and after this they 
gradually became re-established, in order, from the shoulder and 
pelvis to the corresponding paw. These experiments, besides cor- 
roborating the localization given by H. Munk. present another 
interesting detail. During the period while the conditioned stimuli 
of the above-mentioned places of the skin had lost their positive 
effect they divulged a definite inhibitory effect, as has already been 
mentioned in the lecture dealing with sleep (p. 259). The seemingly 
ineffective stimulation of these different areas of the skin when used 
together with, or preceding, the stimulation of other cutaneous areas 
which continued to give a positive effect, or with, or preceding, con- 
ditioned stimuli belonging to other analysers, invariably diminished 





Vig 14. 


or even abolished such reflexes, Further, a repeated, and even more 
markedly a protracted, stimulation of these apparently ineffective 
places on the skin resulted in every experiment in a development 
of drowsiness and sleep, even in dogs which before the operation 
never showed any tendency to drowsiness in the stand. The sleep 
developed in these cases exclusively in connection with the tactile 
stimulation of these areas; apart from their application the dog 
kept completely alert during the experiment. 

These experiments were quite recently repegted, and with 
exactly the same results [Dr. Rosenkov]. In a dog in which the same 
convolutions were partially destroyed all the reflexes belonging to 
other analysers were present, but only so long as the areas of the skin 
disturbed by the operation were not stimulated. After stimulation of 
these areas the animal invariably became sleepy and all conditioned 
reflexes disappeared throughout the remainder of the experiment. 
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It was a problem of considerable interest to determine whether 
it would be possible by some means to disclose anything in the nature 
of a positive reaction to these tactile stimuli. We succeeded in 
demonstrating such an effect by the following modification of the 
experiments. The isolated stimulation of the refractory places of 
the skin was abbreviated from its usual duration of 30 seconds to 
5 seconds. The abbreviated stimulus was now used several times in 
each experiment, and at the end of the experiment, in order to test 
the reflex, reinforcement was again delayed for 30 seconds. Under 
such conditions it was possible to observe the positive as well as the 
inhibitory effect of the stimulation. The positive effect appeared 
quickly, but was very small, and, what is important, disappeared 
while the conditioned stimulus was still acting, whereas the effect of 
all other conditioned stimuli increased, as usual, towards the end of 
their isolated action as the moment of reinforcement approached. 
The following is taken from an experiment by Dr. Rosenkov : 

A metronome, a whistle, the light of an electric lamp, and a 
tactile cutaneous stimulation served as positive conditioned stimuli. 
After the cerebral operation the conditioned reflex to stimulation 
of the fore limb disappeared. The secretion of saliva was measured 
as usual by the graduated tube, five divisions of which correspond 
to one drop. The secretion before the operation in this dog was 
generally small. No attacks of convulsions had been observed 
following the operation. The tactile stimulation in the following 
table was always applied on the fore limb: 


Salivary Secretion 


Duration of in:drops per 10 











Time Conditioned stimulus | the stimulus ihe: eonan during 

in seconds of the conditioned 
stimulus 
9.12 a.m. Metronome 30 4,6,6 
9.19 ,, Tactile 5 --- 
9.27 ,, Lam 30 0,1,3 
9.36 ,, Tactile 5 --- 
9.46 ,, Whistle 30 2, 4, 5 
9.53 ,, Tactile 5 --- 
10.2 ,, Metronome 30 0, 3,5 
10.11 ,, Tactile | 30 3, 2, 0 





A similar positive effect of stimulation of the usually ineffective 
places of the skin could be obtained also by some other devices— 
with the help of positive induction, by means of dis-inhibition, and 
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by the use of caffeine. This animal obviously presents in respect of 
the affected cutaneous areas another instance of a maximal faiblesse 
irritable. 

In all our experiments, including those which are being conducted 
at the present time [Dr. Fedorov], the refractory areas of the skin 
regain as a general rule, sooner or later after the cerebral operation, 
their normal positive effect, as has previously been observed by 
other workers. The question naturally arises as to the mechanism 
of such recovery. The first explanation to be thought of was a 
possible existence of direct nerve tracts which had successfully 
replaced the crossed ones. For the purpose of testing this possibility 
we now in some dogs extirpated the cortex completely on one side 
and studied the conditioned tactile reflexes from the skin of the 
opposite side of the body for the whole time that the animals sur- 
vived (some of them living for over a year after the operation without 
attacks of convulsions). Up to the present such experiments have 
been completed on four dogs. Alimentary conditioned reflexes were 
employed in most cases ; sometimes, however, a defence reflex to 
acid or to a stimulus of an electric current was also used, the electric 
stimulus being applied to the skin on that side of the body which 
was not affected by the cortical lesion [experiments of Drs. Foursikov 
and Bikov]. The results in all these experiments, in spite of many 
different modifications, were absolutely negative, and in spite of 
increasing the cortical excitabliity by strychnine and caffeine the 
cutaneous reflexes never returned [experiments of Dr. Foursikov]. 
Experiments were also conducted to determine whether the tactile 
stimulation of the injured side of the body would exert any inhibitory 
influence upon other conditioned reflexes as it did after the partial 
destruction of the cutaneous analyser [experiments by Dr. Bikov]. 
In the cases of complete unilateral extirpation of the cortex no 
such inhibitory influence of the tactile stimuli of the affected side 
upon the various positive conditioned reflexes (including tactile 
reflexes from the normal side of the animal) could be observed, 
whether as an after-effect or during the actual administration of the 
stimuli ; similarly also these tactile stimuli did not induce sleep or 
drowsiness. These observations are the more important since the 
same places acquired strong inhibitory properties in those cases 
where there had been partial destruction of the cutaneous analyser. 
There was, of course, no question of revealing any positive effect of 
the stimuli by any of the methods which were successful in the case 
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of partial extirpation. In the case of complete unilateral removal of 
the cortex, therefore, the tactile stimuli on the opposite side entirely 
lose their conditioned properties, both positive and negative. In other 
words, according to our experiments, there is no homolateral connec- 
tion of the skin with the cortex. Vicariation in the case of partial de- 
struction of the cutaneous analyser must therefore occur with the help 
of the outlying parts of the analyser in the hemisphere of the same 
side—a view which has already been advanced by other authors. 

In order to study this question of vicariation more closely we 
resolved to produce an extirpation of as many of the frontal con- 
volutions of one hemisphere as possible, so as to narrow the area 
from which the compensatory effect might be derived. In dogs 
operated in this manner the conditioned reflexes to tactile cutaneous 
stimuli, although they disappeared for a very long time, did never- 
theless return. It was thought that the portions adjacent to the 
operated field might have taken over the function of the removed 
parts. However, additional destruction of these adjacent parts 
[experiments of Dr. Eurman] had practically no effect upon the 
re-established functions of the analyser. The vicariation of function, 
therefore, must be attributed to much more widely distributed 
cortical elements. This result made it important to test whether the 
method which we used for tactile stimulation of the skin was not 
contaminated by an auditory component so that the reflexes which 
we observed could be explained by the latter. An apparatus was 
therefore constructed which, at any rate to our own ear, was entirely 
without sound, and in order to make the control doubly sure we 
placed between the apparatus and the skin a medium which prevented 
the mechanical effect of the apparatus on the skin, without, how- 
ever, abolishing any possible auditory component inaudible to us. 
Tactile conditioned reflexes could be developed without, but in no 
case with, the medium, in either normal or operated animals, proving, 
of course, that under ordinary conditions the reflexes were genuinely 
initiated purely by the tactile stimulation and not by any accessory 
auditory accompaniment. 

We are inclined to think that, as in the case of the visual and 
acoustic analysers, the parts of the cutaneous analyser remaining 
after the first operation have only a limited function as compared 
with the function of the cortical elements situated in the extirpated 
nucleus of the analyser. We hope to test this theory by experiments 
with compound tactile conditioned stimuli and by using a differentia- 
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tion of the direction of brushing the skin and testing this differen- 
tiation upon those places which have recovered from their temporary 
loss of conditioned reflexes after the extirpation of the frontal lobes. 
These experiments are in progress at the present time. All the 
experiments with respect to recovery of tactile reflexes after extir- 
pation are, however, being vigorously repeated in view of their 
intrinsic importance and in view of the divergence of some results of 
recent experiments from one of our earlier observations (p. 362). 






4643.45 I 4244549. 







36.40,381141.48 38 
26.22.20.IV 21.22.28. 


21.23 201 \V {21.20.22 


. 38.36. 


Fig. 15.—O and Roman figures :-—Nnmboers of the places stimulated. Arabic figures :—Con- 
ditioned refiex in drops of ealiva (1 drop=0°01 c.c.). The figures to the right and left of the 
Roman fignres were obtained by stimulation of the right and left sides of the animal respectively. 
The tactile reflex was established on the left side at place O. The fig shows the spontaneous 
bilateral formation of accessory reflexes. Note that the strength of the reflexes at correspond: 
ing points is identical on both sides of the animal. The reflex which was established at 
place O was a short-trace refivx. 

Besides studying, in the manner described, the relations of the 
tactile analyser in a single hemisphere, we have also investigated 
the interrelations of the analysers of the two sides. An observation 
has already been mentioned that tactile conditioned, reflexes which 
were developed for different places on one side of the body reproduce 
themselves spontaneously with surprising accuracy on the sym- 
metrical places of the other side of the body. This phenomenon has 
been especially carefully examined by Dr. Anrep, and its occurrence 
was demonstrated both for positive and negative reflexes to tactile 
stimuli (see Fig. 15). It was naturally expected that the development 
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of a differentiation of symmetrical places of the skin on opposite 
sides of the body would turn out to be a matter of considerable 
difficulty, and this actually was found to be the case [experiments 
of Drs. Bikov and Grigorovich]. 

What is the mechanism of this curious phenomenon? It was 
only natural to consider first the commissural connections, and in 
actual fact section of the corpus callosum completely abolished the 
whole phenomenon. After the section conditioned reflexes to tactile 
stimulation of the two sides became entirely independent of one 
another [Dr. Bikov]. The positive and negative tactile reflexes 
developed on one side now completely failed to reproduce themselves 
spontaneously on the other side ; in order to develop conditioned 
reflexes on the other side the tactile stimuli had to be independently 
reinforced. Tactile conditioned stimuli were established with the 
use of food, the use of the unconditioned defence reflex to acid, or 
the use of the defence reflex to electrical stimulation of the skin. 
The electric current in these experiments was of such strength as 
to produce only a withdrawal of the leg and an investigatory reflex, 
but no violent defence reaction. The experiments were varied in 
many different ways, but the result was always the same. The 
reflexes were confined to the side on which they were developed; 
reflexes on the other side had always to be developed indep .adently. 
There was also no longer any difficulty in establishing reflexes of 
opposite sign for symmetrical places on opposite sides of the body. 
This is illustrated by the following experiment: - 

After section of the corpus callosum a tactile stimulation of the 
right thigh was given excitatory properties and of the left thigh 
inhibitory properties ; and a tactile stimulation of the right shoulder 
was given inhibitory properties and of the left shoulder excitatory 
properties. The four reflexes had, of course, to be developed 
independently. 








Conditioned tactile Salivary. 
Time stimulus applied Secretion in 
e every 30 seconds drops during 
30 seconds 
4.25 p.m Right thigh 
437 ,, Right shoulder 0 
446 ,, Left shoulder 4} 
4.58 ,, Left thigh 0 
5.12 ,, Right thigh 3 
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In conformity with the above results all extraneous stimulations 
of the skin applied on one side of the animal, e.g. a thermal stimulus 
of 50° C., and a weak electric current, by evoking an investigatory 
reflex produced an inhibition only of the tactile reflexes on the 
same side of the body. These experiments were conducted on 
three animals. 

Along with the experiments which were primarily designed for 
investigation of the tactile analyser, mention must be made of ex- 
periments with complete removal of the frontal lobes [experiments of 
Dr. Babkin]. The frontal lobes were removed upon both sides in front 
of sulcus praecruciatus and sulcus praesylvius down to the lower 
margin of the hemispheres, involving destruction of the olfactory 





Fig. 16. 


lobes (Fig. 16). Sometimes the knife during the operation, and in 
almost every case the subsequent pathological process (as shown 
by post-mortem examinations), involved part of the area behind the 
line indicated. The experiments were conducted on four dogs. In 
all cases the old visual and auditory conditioned reflexes returned 
and new ones could be established soon after the operation. Dis- 
turbances—and considerable ones—were noticed only in the tactile 
analyser and in the movements of the animal. The dogs lived for 
1-6 months after the operation, death occurring in all cases on account 
of severe attacks of convulsions. During this time no positive tactile 
reflexes could be re-established for places on the body, but reflexes 
could be established in some cases for places on the extremities. 
Good negative reflexes, however, in which the tactile stimulus was 
used as a conditioned inhibitor, could be produced for any place of 
the skin. ‘The animals suffered from a persistent cutaneous 
hyperaesthesia, so that some of them could not bear the loops round 
A.P. zZ 
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their legs during the experiments, and kept quiet only when the 
loops were discarded. Temporary disturbances in maintenance of 
posture and locomotion were observed. The animal would often 
assume an unnatural pose—drooping head and arched back, paresis 
of the extremities with twitchings. The motor disturbances were 
most pronounced in the movement of the mouth, the dog immediately 
after the operation being able to take food only with difficulty, and 
having to be fed by hand, especially in the case of solid food. The 
above were the only peculiarities of note. 

In respect of the thermal cutancous analyser only a small number 
of experiments have been performed. From these it appears that 
the thermal, does not entirely coincide with the tactile, analyser in 
cortical localization. In the case of extirpation of the gyrus 
praecruciatus [experiments of Dr. Shishlo] tactile conditioned reflexes 
for the hind limbs were re-established a few days after the operation, 
while the thermal reflexes (to cold and to a temperature of 474° C.) 
conspicuously lagged behind, taking four weeks longer before they 
returned. 

The method of conditioned reflexes was applied also for the 
verification of the statement made by some authors as to a definite 
relation of the gyrus pyriformis to the olfactory analyser. The ex- 
periments were performed on six dogs which had different ‘‘ artificial ” 
and “ natural’’ secretory and motor reflexes [experiments of Dr. 
Zavadsky]. Different unconditioned reflexes were also carefully 
observed. The first of these reflexes to reappear after complete 
bilateral removal of the gyri pyriformi and the adjacent part of the 
hippocampus were the olfactory ones. Movements of the nostrils 
in response to olfactory stimuli were present so soon as the second 
or third day after the operation. On the third or fourth day the dogs 
could select accurately out of many paper bags those that contained 
meat or breakfast-sausage. On the sixth day the conditioned reflex 
to the smell of meat powder reappeared, while on the fourteenth day 
an artificial alimentary conditioned reflex to the odour of camphor be- 
came quite definite. The artificial conditioned olfactory reflexes had a 
positive effect in their first trial, evidence of a spontaneous recovery. 

Finally we confronted the question as to the nature of the 
so-called motor area of the cortex. Is it in all its complexity and 
delicacy of activities a receptive field and analyser of stimuli initiated 
within the skeleto-motor apparatus of the organism? In other 
words, is it comparable to other regions of the cortex which serve as 
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receptive fields and analysers of stimuli falling upon the animal from 
the outside? Or is it a region physiologically distinct from the 
remaining parts of the corlex ? Ts it physiologically comparable to 
the posterior or to the anterior columns of the spinal cord ? 

This question is nearly as old as the discovery of the motor area 
itself, but at the present time there are only a few observers who 
regard the motor area of the cortex as corresponding functionally 
to the posterior columns in the spinal cord. In the hope of procuring 
some fresh evidence we approached the study of this question from 
the point of view of conditioned reflexes, using some definite motor 
activity as a conditioned stimulus, and then experimentally deter- 
mining the localization of this reflex in the cortex. The experiments 
performed bearing on the motor analyser of the cortex are rather 
more complicated than other experiments with conditioned reflexes in 
respect to technique. I have, therefore, no hesitation in giving these 
experiments in considerable detail, and illustrating my description 
by a large number of examples [experiments of Dr. Krasnogorski]. 

Passive flexion of the tibio-tarsal and the metatarso-phalangeal 
joints were used as conditioned stimuli. The flexion was performed 
in the following manner. For the passive flexion of the tibio-tarsal 
joint the thigh and the leg of the hind limb were fixed in a plaster 
cast attached to a metal frame which was screwed down to the table. 
In order to employ the metatarso-phalangeal joint the tarsus and 
metatarsus had also to be rigidly fixed in a special cast. Flexion of 
the joints was performed in the preliminary experiments by hand 
and later by a special mechanical device. When the reflex to flexion 
of the tibio-tarsal joint of the left leg became established the effect 
was tried of flexion of the same joint of the opposite leg. The reflex 
was found to be spontaneously present just as in the case of tactile 
conditioned reflexes. We now started to develop a differentiation 
of the flexion of the metatarso-phalangeal joint (toes) of the left leg 
from flexion of its tibio-tarsal joint (ankle). The differentiation 
became established after 42 reinforcements of the flexion of the toes 
contrasted with 74 flexions of the ankle. This differentiation spon- 
taneously reproduced itself for the respective joints of the right side 
also. Since flexion of any joint invariably involves a mechanical 
stimulation of the skin, which by itself might have been responsible 
both for the conditioned reflexes and the differentiation, further 
experiments had to be performed in order to dissociate the cutaneous 
component from the actual flexion itself. For this purpose all sorts 
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of mechanical stimulations of the skin were applied, touching, 
pressing, gripping, and rhythmic stretching of the skin on one side 
of the joint and folding on the opposite side in imitation of the 
natural stretching and folding in the case of flexion of the joint. 
The latter kind of stimulation produced the strongest effect. On 
repetition of these cutaneous stimuli, of course without any rein- 
forcement, they finally became entirely ineffective while flexion 
itself, which was always reinforced, continued to act. It was realized, 
however, that all these precautions did not afford absolutely definite 
proof that flexion by itself acted in these experiments as the sole 
conditioned stimulus. It seemed quite possible that all our variations 
of mechanical stimulation of the skin did not entirely reproduce 
those accompanying flexion of the joint. It was essential to find a 
more conclusive proof that flexion itself became a conditioned stimu- 
lus. We expected to find such proof by completely excluding the 
cutaneous component by extirpating those cortical parts of the 
tactile analyser which were known to stand in relation to tactile 
stimuli from the areas involved, namely, the gyri coronarius and 
ectosylvius (see Fig. 14, p. 347). Previously to the operation additional 
alimentary conditioned reflexes were established to tactile stimulation 
of the hind limbs at five distinct places and to a tone of 500 vibrations. 
The operation was performed on the left side of the cortex. The tone 
was the first conditioned reflex to reappear, and this occurred on the 
seventh day. The first trial of the flexion on the damazed (right) 
side—on the eighth day after the operation—gave a negative result. 
The second trial—performed on the same day—gave a secretion of 
2 drops during 30 seconds. The trial on the tenth day gave a secretion 
of 3 drops: on this day a simultaneous stimulation of the five tactile 
places on the same extremity remained entirely without effect. On 
the twelfth day the reflex to flexion reached 5 drops, while the stimu- 
lation of the five tactile places and folding and stretching of the skin 
still remained without effect. On the thirteenth day the folding and 
stretching of the skin over the joint exerted an inhibitory influence 
upon the effect of the tone applied simultaneously. Again, when 
on the fifteenth and sixteenth days the left (undamaged) hind ex- 
tremity recovered from the inhibitory effect of the operation and 
the tactile stimulation of this limb gave already a considerable 
secretory effect, the same tactile stimulation applied simultaneously 
with folding and stretching of the skin over the right joint became 
ineffective. Thus, the folding and stretching of the skin over the 
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right joint had now become, as an after-effect of the operation, 
inhibitory instead of excitatory. Nevertheless, flexion of the joint 
continued invariably to produce a salivary secretion. The following 
are the results of some of the individual experiments : 








Intervals Saliva; 
between the Conditioned stimulus applied Secretion in 
applications of during 30 seconds drops duri 
the stimuli 30% a 
in mins. ae 








Experiment on the eighth day after the operation. 
Tone 
Flexion of toes (right leg) 


Tactile stimulation of left planta 
Flexion of toes (right leg) 
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Experiment on the twelfth day after the operation. 


Flexion of toes (right leg) 

Tactile stimulation of 5 places on leg 

Tone 

Flexion of toes (right leg) 

Stretching and folding of the 
skin over right paw 


Experiment on the fifteenth day after the operation. 
° Flexion of toes (right leg) 5 
Stretching and folding of the 
skin over right paw 
Flexion of toes (right leg) 
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onanoon 


Y 
O ABoHADGS A 


Tactile stimulation of left planta 

Tactile stimulation of right planta 

Tactile stimulation of right and 
left plantae 

Tactile stimulation of left planta 


NO OFRWES 


Experiment on the sixteenth day after the operation. 


— Flexion of toes (right leg) 4$ 
7 Tactile stimulation of left planta 5 
7 Tactile stimulation of left planta 

together with stretching and 

folding of the skin over the 

right paw 0 
6» Tactile stimulation of left planta 4 
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The above experiments justify the two following conclusions. 
First, that a passive flexion of the joint by itself, i.e. independently 
of the involved cutancous component, can serve as a conditioned 
stimulus. Second, that the stimuli arising from such movement 
and the associated cutaneous stimuli have different areas of repre- 
sentation in the cortex. The problem remains therefore to determine 
the localization of the cortical area of muscular proprioception. The 
problem was solved by the following experiment performed on a 
dog in which the gyrus sigmoideus dexter had heen completely 


rx gyrus sigmoideus 





removed two months previously, since when obvious motor disorders 
had prevailed in both extremities of the left side. During the opera- 
tion the gyrus sigmoideus sinister had also been very slightly damaged, 
but not sufficiently to produce any disturbing influence on the 
extremities of the right side. The tactile conditioned reflexes in this 
animal were normal over the whole surface of the skin. We began 
with the establishment of a conditioned reflex to flexion of the right 
(i.e. homolateral) metatarso-phalangeal joint. This reflex developed 
very quickly.‘ We now began the differentiation of the flexion from 
its cutaneous component, using all the above-mentioned variations 
of mechanical stimulation of the skin and the joint, and never, of 
course, reinforcing the cutaneous stimuli. Within a month the 
differentiation was fairly well established (although it was not always 
absolute), showing that the right side was normal. The following 
is an example taken at random : 
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+s . Saliv. 
Time m terval Conditioned stimuli applied Secretion in 
stimuli uring 30 seconds drops during 
30 seconds 
- Flexion of the right joint 6 
6 Stretching and folding of the i 
skin over the right joint 3 
2 Stretching and folding of the 
skin over the right joint 1 
6 Flexion of the right joint 5 
8 Stretching and folding of the 
skin over the right joint 0 
3 Flexion of the right joint 6 


We began now to test the reflexes on the left (i.e. heterolateral) 
side of the body. Stretching and folding the skin over the left hind 
paw was entirely ineffective right from the very start, in accordance 
with the symmetrical spontaneity of development of reflexes discussed 
before. In contrast with the right side, however, the reflex to the 
flexion itself was also absent. When the flexion on the left side was 
now reinforced, the corresponding mechanical tactile stimulation, 
when tested separately, was found also to have acquired secretory 
properties. On continuing these experiments, in spite of most 
persistent attempts at development of differentiation, it was found 
impossible to develop a conditioned reflex to flexion separately from 
the tactile cutaneous component. As soon as the effect of mechanical 
stimulation of the skin was extinguished the reflex to flexion in- 
variably disappeared also. On reinforcing the flexion the cutaneous 
reflex also invariably returned. The result of these experiments 
must be interpreted as follows : pure flexion on the left side was by 
itself ineffective, but the reinforcement of the flexion of the joint 

. produced a positive effect through the agency of the tactile component 
unavoidably accompanying flexion. In contrast with this, the 
ee between the flexion and the tactile stimulation on 
the right leg was constant and quite definite. The table shown on 
page 360 is an example. 

The experiments show that the gyrus sigmoideus is the area of 
cortical representation of stimuli initiated in the skeleto-motor 
apparatus during the passive flexion. 

Unfortunately we have not pursued this study further and have 
not employed any variations of the experiments other than those 
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described. Before arriving at any final conclusion the experiments 
need to be repeated and more fully substantiated. If one bases 
conclusions on the experiments as they stand, the motor area of the 
cortex must be thought of as an analyser of the impulses from muscles 
and joints (proprioceptive), exactly as other areas are analysers of 
impulses from stimuli acting on the organism from the outside 
(exteroceptive). From this point of view the entire cortex represents 





Number of 
minutes Conditioned stimuli applied Salivary Secretion during 
between during 30 seconds 30 seconds 
stimuli 
- Flexion ; Da Pa : Reinforced 
7 Cutaneous ; right joint ; 
1} Cutaneous; right joint 1 } Not reinforced 
1 Flexion ; right joint 8 Reinforced 
1 Cutaneous ; left joint 7 
1 Cutaneous ; left joint 6 
1 Cutaneous ; left joint 4 Not reinforced 
1 Cutaneous ; left joint 3 
1 Cutaneous ; left joint I} 
1 Flexion ; left joint 4 Reinforced 
6 Cutaneous ; left joint 4 | 
1 Cutaneous ; left joint 1 Not reinforced 
1 Cutaneous ; left joint 1 f 
14 Flexion ; left joint 0 Reinforced 





a complex system of analysers of the internal as well as of the 
external environment of the organism. Obviously, if one accepts 
this hypothesis in relation to the motor activity, there is good 
reason to extend it to the activity of most, if not all, other tissues 
of the organism. The important rôle played by auto-suggestion 
with all its extraordinary aspects, as, for example, imaginary preg- 
nancy, and all sorts of imaginary diseases, can be understood from 
the physiological point of view only if we admit the existence of 
corresponding cortical analysers, even though they may be only 
little differentiated and indefinite. 


LECTURE XXI 


Pathological disturbances of the cortex, result of surgical interference (continued) : 
attempt to correlate the general post-operative behaviour of the animals with the 
disturbances in the activity of individual analysers. 


It may be considered as firmly established that removal of the 
entire cerebral cortex converts the dog into a comparatively simple 
reflex machine, The animal retains the relatively limited number 
of unconditioned reflexes, but is completely deprived of the more 
complex and delicate co-ordination of its activities with the external 
world, since these adjustments are solely based upon innumerable 
conditioned reflexes established through the intermediation of the 
cerebral cortex. We possess also some knowledge as to the signifi- 
cance of different areas of the cortex—the cortical analysers, the 
united function of which determines the complete adjustment of 
the organism with its surroundings, or, in other words, determines the 
behaviour of the animal. A great deal can be learned of the physio- 
logical activity of the cortex as a whole by careful observation of 
the general statb of the animal after extirpation of definite cortical 
areas, whether such extirpations are free from post-operative 
complications or are complicated by a further disintegration 
of the cortex through the growth of scar tissue or by other 
secondary effects of the operation. The present lecture will be 
devoted to the description of changes in the general behaviour 
of the animal, and an attempt will be made to correlate these 
changes with the different structural lesions of the cortex. We 
shall start our description with simpler, going on to more com- 
plicated, cases. ° 

In one dog the upper part of the hemispheres was extirpated 
above the level of the gyrus sylviaticus [experiments by Dr. Orbeli]. 
The extirpation was made by means of a single incision on each side, 
the operation being performed in two stages with a long interval 
of time between. A fortnight after the operation upon the second 
hemisphere the general state of the animal became definitely constant, 
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remaining unchanged to the end of the experiments (4 months). 
As before, the animal was extremely lively, and when called reacted 
quickly, whipping round in the direction of the call. At a first 
glance its condition could not be distinguished from that of a normal 
dog. On closer observation, however, it was possible to observe 
a certain ataxy of the extremities, which on running were thrown 
up higher and brought down more vigorously than usual. Walking 
upon a smooth or wet floor the animal would very often slip ; more- 
over, on starting off it always performed some peculiar movements 
with its head. When walking in a definite direction the animal 
seldom ran into any obstacle, but as soon as it did encounter an 
obstacle a surprising abnormality in its behaviour appeared. It 
became entirely helpless if it ran even against the narrow leg of a 
table ; for a long time it would go on pressing forward, until slipping 
accidentally it would get by ; and this was the only way in which 
the animal could continue its progression. When placed with the 
front part of its body on a chair and then called, the dog started 
disorderly scrambling movements and fell off the chair sideways, 
or sometimes, moving forwards, it contrived to get its whole body 
on to the chair, where it remained, helplessly kicking its hind legs in 
the air. The foregoing is a brief sketch of the general abnormality 
of the dog. 

Coming now to the study of its conditioned reflexes, it was found 
that all those which were present before the second operation 
became, with the exception of tactile and thermal reflexes, quickly 
restored, while new conditioned reflexes to olfactory and visual 
stimuli were easily established. Unconditioned reflexes to various 
tactile and thermal cutaneous stimuli were present—various 
“ shaking,” flexion and extension reflexes, responses by whining, 
howling and turning the head towards the point of application of 
the stimulus. I shall endeavour to correlate these deviations of the 
animal from normal with the disturbances of the functions of the 
different analysers. The activity of the olfactory and acoustic 
analysers was entirely unimpaired, and the activity of the visual 
analyser was only slightly disturbed. Remembering the peculiar 
movements of the head in locomotion, and taking into account that 
the animal was able to direct its movements by sight, it is obvious 
that a small portion of the lower part of the special nucleus of the 
visual analyser must have remained intact, allowing in certain posi- 
tions of the head a higher synthesis and analysis of visual stimuli. 
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In contrast, the motor analyser was radically damaged : the general 
locomotor activity which is effected by sub-cortical parts remained, 
while the precise and delicate activity of the skeletal muscles, so far 
.at any rate as determined by conditioned reflexes, had disappeared. 
As regards the extent of damage of the tactile analyser we are not 
yet quite clear. It is obvious that the loss of the dog’s ability to 
direct its movements when it ran into an obstacle in its path could 
be entirely explained by the loss of conditioned signals arising in the 
skin. However, such a total loss of tactile conditioned reflexes in 
the case of this operation does not entirely fall into line with the 
results of some other experiments upon the localization of the cuta- 
neous analyser (p. 347). The problem stands in need, therefore, of a 
thorough re-investigation. Excepting the inability to pass by any 


L 


3 Fig. 18. 


mechanical obstacles, the behaviour of this animal, both free and 
during the experiments, showed no further abnormality. Dogs 
operated on in this manner are well worth a more precise and detailed 
analysis of their condition than we were able to perform in the early 
period of our work. 

In other dogs, some of which have already been mentioned, the 
whole posterior part of the cortex of both hemispheres was removed 
behind the line shown in Fig. 18. We shall consider now the more 
general aspects of the behaviour of these dogs. It will be remembered 
that the higher analysis of auditory and visual stimuli was absent, 
although the cruder analysis of different types of sounds, of the 
intensity of illumination and of different shapes was still present. 
Immediately after the final operation these animals kept sleeping 
almost continuously ; afterwards during their whole lives (one dog 
surviving for three years) they spent their time mainly in sleep, and 
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therefore with ample food they quickly fattened up. The animals 
located food exclusively with the help of the cutaneous and olfactory 
analysers, and in general the co-ordination of the activities of these 
analysers became most astonishing. When the animal was placed 
amid small pieces of meat thrown about the floor or suspended 
on threads at different heights, the lightest touch of any part of its 
body against a piece was sufficient to evoke a most precise direction 
of its movements towards the piece of meat, which it took. Finally, 
the complete indifference of these animals to other dogs and to men, 
including their masters, should be especially noted. It is not difficult 
to understand the general passivity of these dogs (a characteristic 
already noticed by Goltz) and their great inclination to sleep, when 
one realizes how they lack to a large extent the activity of the main 
distance analysers—visual and acoustic ; hence also the extreme 
refinement of the activity of the analysers which are left, viz. 
the chemical analyser of smell, the cutaneous analyser, and the 
motor analyser. But the attention is startled by the general 
indifference of the animal to other dogs and men. It would be 
interesting to determine whether it was a result of their general 
diminution in reactiveness, or, as seems more probable, a 
result of a dropping out of compound visual and auditory stimuli 
as predominant stimuli, and the disappearance also of conditioned 
chain-reflexes. 

I now pass on to the more complicated and at the same time the 
more instructive case—that of extirpation of the ariterior part of 
the hemispheres in front of the line shown in Fig. 18. The behaviour 
of animals operated upon in this manner deviates extremely from 
normal, and the analysis of this behaviour presents great interest. 
We had two such animals, and both survived the operation for about 
a year. The operation was performed in two stages, the two sides 
being operated with an interval of several months. I shall describe 
the first dog in full [experiment by Dr. Demeedov], and shall then 
give the main points of difference of the other dog [experiments of 
Drs. Satournov and Kouraev]. 

After the final operation the animal kept sleeping almost con- 
tinuously, awakening only before micturition and defaecation. Food 
was introduced into the stomach directly, through a gastric fistula 
which had been established previously to the second stage of the 
operation. It was only at the beginning of the third week after the 
final operation that the animal began to get up and stand on its legs 
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unassisted, and then only for a very short time, swaying from side 
to side and finally sinking down again. Approximately a month 
after the operation the dog started to walk. The paws, however, 
often twisted out of their norma] position and the limbs often mutually 
obstructed one another, getting crossed. In another month walking 
and running were practically normal, but, on whipping round 
suddenly, the dog could hardly preserve its balance. On meeting 
with obstacles the dog made disorderly scrambling movements, 
sometimes pushing forward and sometimes moving backwards or 
sideways ; in some cases it would chance to slip by the obstacle, 
but most often it had to be helped. The animal was quite incapable 
of performing two different locomotor actions at the same time. 
As a result of such attempts it would lose its balance and topple over. 
This peculiarity remained to the end of its life. Two weeks after 
the operation the animal began to lap milk, but only when the milk 
was brought in contact with its mouth. The whole time it lived, the 
animal would only start eating when the food touched the mucous 
membrane of lips, cheeks or tongue. Contact of the skin around the 
mouth with the food did not initiate eating. During the latter part 
of its life the animal when hungry became very excited, grabbing at 
everything it could reach with its mouth, and even biting its own 
legs and paws, which would make it howl. From the time when the 
animal began to eat, alimentary substances were easily discriminated 
from non-alimentary substances, such as sand, or food containing 
quinine or a large amount of acid or salt. The motor reactions to 
tactile stimuli appeared about two weeks after the operation, and 
after this the cutaneors sensibility progressively increased, so that, 
after two to three mont.s, touching the animal to put it into or take 
it out of the stand, or even simply stroking the animal, evoked 
violent general excitation. The dog would struggle to get loose, 
would bare its teeth and bark. Similarly, when it came into contact 
with objects through moving about, and in the yard when its fur 
got ruffled by wind, or when drops of rain fell upon it, the same motor 
excitation would occur. It is interesting that during these periods 
of excitation a gentle stroking of the neck and head quieted the 
animal, which sometimes even fell asleep. On scratching definite 
places of the skin a scratch-reflex was invariably evoked, and it was 
often observed that a simultaneous administration of an auditory 
stimulus caused an intensification of the scratch-reflex when the 
scratching was weak—an example of the so-called ‘‘ Bahnung- 
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reflex.” Motor reactions to sound, as expressed by pricking up and 
orientation of the ears, only reappeared I} months after the operation. 
The reactions gradually increased and sometimes were extraordin- 
arily violent, so that even in response to comparatively weak sounds 
the animal showed pronounced general excitation. Under the in- 
fluence of strong light the animal closed the eyes and turned the head 
away. Olfactory stimuli never produced any reaction, since the 
bulbus olfactorius and the olfactory tract were damaged on both 
sides. Sexual reflexes could never be detected under any conditions. 
No special relations either positive or negative to other animals or 
to men were ever observed. The animal sometimes had peculiar 
attacks lasting 1-8 minutes without any apparent eause—tremor 
of the whole body, clonic contractions of the jaws with a cramp- 
like twisting of the head to one side, finishing up by ejection 
of urine and faeces. The convulsions were never observed in 
the body or extremities, and the animal did not fall down 
during the attacks. After an attack the animal became very 
excited, throwing itself about without any sense of direction, and 
barking ; but finally it quieted down, got very drowsy and soon 
fell fast asleep. 

The above general description of the animal seems to point to 
its having become entirely devoid of the higher nervous activity 
and transformed into a much simplified and inadequate reflex 
machine. Being similar in many respects to entirely decorticated 
animals, it was in many ways even less perfect in respect to loco- 
motion. Indeed, animals after extirpation of the entire cortex begin 
to stand up much sooner after the operation, walk better and 
keep their balance better in different movements, than the dog 
just described. Judging by the state of the skeletal musculature, 
conditioned reflex activity appeared to be entirely lost. To deter- 
mine whether this actually was the case we tried to analyse the 
condition of this dog by testing the reflex activity of the salivary 
gland. 

The unconditioned salivary reflex had entirely disappeared 
immediately after the operation. It soon, however, returned, at 
first showing some deviations from normal which later righted 
themselves. Positive conditioned salivary reflexes, whether to 
visual, tactile, cutaneous or auditory stimuli, could not be established 
in spite of persistent attempts. In order to make doubly sure, even 
the dog’s daily ration outside the experiments was now always 
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accompanied by a sound of bubbling, but in spite of over five hundred 
repetitions no definite conditioned salivary reflex was ever obtained. 
After these failures stimulation was tried of that receptor surface 
which, as mentioned before, was generally found more resistant 
than any other in cases of extensive operations upon the cortex— 
namely, the mucous membrane of the mouth, the receptor for the 
water-reflex. These experiments will now be described in detail. 
It will be remembered from the previous description that water when 
introduced into the mouth does not produce any salivary secretion 
unless it has previously been reinforced by a simultaneous intro- 
duction of some substance which acts as an unconditioned stimulus, 
e.g. the administration of aqueous solutions of rejectable substances 
such as acid. After a very large number of administrations of acid 
to the dog now described, water first brought about a definite 
secretion a month after the operation, and systematic experiments 
with this reflex could be started fifty days after the operation. 
After the acid had been frequently administered in the course of 
several days, water, when administered as the first stimulus on an 
experimental day, produced a copious secretion (16 drops and more 
during one minute). This salivary secretion disappeared after 
repeated introduction of the stimulus of water alone, undergoing 
extinction just like any other conditioned reflex. The following 
are some examples of extinction : 


’ Salivary Secretion 
Time Stimulus in drops 
during one minute 





Experiment of 29th December, 1908 (the final stage of the 
operation was performed 23rd Sepiember, 1908). 


3.20 p.m. Water 16 
3.25 ,„ ” 16 
3.30 ” » 2 
3.35 ,, »» 4 
3.38 0:25% aq. HCl Copious secretion 
3.41 » i 9 
3.46 » 23 6 
3.54 n 0:25% aq. HCl Copious secretion 
4.0 ” ” 8 
4.5 ” ” 9 
4.10 ,, " 2 
4.15 ,, 9 2 
4.20 Fr) ” 0 
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Salivary Secretion 
Time Stimulus in drops 
during one minute 





Experiment of 1st January, 1909. 


12.22 p.m. Water 5 
12.27 ,, p 2 
12.32 ,, j Traces 
12.37 ,„ i 0 
12.42 ,, 0:25% aq. HCl Copious secretion 
12.50 EEJ 39 3 
12.55 ,, 5 3 
10 , » 2 
1.5 ” ” 0 
ID 3 025% aq. HCl Copious secretion 
124 , Water 9 





The conditioned water-reflex is as easily inhibited by different 
extraneous reflexes as are any other conditioned reflexes (external 
inhibition). The following are examples : 


Salivary Secretion 
Time Stimulus in drops 
during one minute 


Experiment of 1st January, 1909. 


11.25 a.m. Water 12 
11.30 ,, Water +loud tone 3 
11.85 ,, Water 16 


Experiment of 26th April, 1909. 


4.5 p.m. Water 13 

4.23 , 0:25% aq. HCl Copious secretion 
4.32 ,, 10% aq. sugar e 7 
4.36 ,, Water 1 

454 „ ` is 10 


Since this form of inhibition (external inhibition) is, however, not 
peculiar to conditioned reflexes, a similar effect being observed also 
upon unconditioned reflexes, we resolved to develop a conditioned 
inhibition for the water-reflex—+.e. to build up an actual inhibitory 
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conditioned reflex (internal inhibition). It was expected that agencies 
belonging to other analysers, although incapable of acquiring positive 
conditioned properties, might nevertheless acquire the required 
negative conditioned properties, since examples of this had previously 
been observed (see p. 347). This expectation was fully justified, 
as it was found that both auditory and visual stimuli could serve 
successfully as conditioned inhibitors. Thus, administration of 
water simultaneously with sounding a definite tone became a 
constant inhibitory combination after 64 repetitions. The following 
are examples of experiments : 





Salivary Secretion 
Time Stimulus in drops 


during one minute 


Experiment of 2nd February, 1909. 


10.25 a.m. 0-25% aq. HCl Copious secretion 
10.34 ,, i n ” » 
10.46 ,, Watér 9 

10.55 , 0:25% aq. HCl Copious secretion 
11.4 ” ” a3 n ” 
11.16 ,, Water + tone 2 

11.26 ,, 0-25% aq. HCl Copious secretion 
11.35 ” ” ” ” ” 
1148 „ | Water 10 


Experiment of 16th February, 1909. 


10.25 a.m. 0-25% aq. HCl Copious secretion 
10.36 ” »” »” ” ” 
10.47 ,, Water + tone 0 

10.55 ,, 0-25% aq. HCI Copious secretion 
1 1 4 ”? 3 n 9 4 ” 
11.16 ,, Water 6 

11.24 ,, 0-25% aq. HCl Copious secretion 
1 1 34 LEJ a ») 2 ” 
11.45 ,, Water + tone 0 


Similar results were obtained when an increased ‘illumination of 
the room was used as the conditioned inhibitor, the acid, of course, 
always being introduced into the mouth in dim light. The condi- 
tioned inhibition developed much more quickly in this case, and the 
experiment given below represents the 16th administration of water 
with increased illumination. 


AP, 24a 
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Salivary Secretion 
Time Stimulus in drops 
during one minute 
11.32 a.m. Water | 23 
11.33 ,, 0-25% aq. HCI Copious secretion 
11.40 ,, Water 
11.41 ,, 0:25% aq. HCi Copious secretion 
11.48 ” ” ” ”» ” 
11.57 ,, Water +increased 
illumination 0 
12.6 p.m. 0-25% aq. HCI Copious secretion 
12.14 ,, Water +increased 
illumination 4 


Finally, the effect of a dis-inhibition of the water-reflex after 
experimental extinction was tried, and this was plainly revealed 
under the appropriate conditions as shown by the following experi- 
ment performed in presence of a large audience at a meeting of the 
Medical Society in Petrograd. 


Experiment of 19th March, 1909. 


Salivary Secretion 
Time Stimulus in drops 
during one minute 


89 p.m. 0:25% aq. HCl Copious secretion 
8.20 ,, Water 12 

8.24 ” n 3 

8.28 , » + 

8.32 ,, Raw meat Small secretion 
8.36 ,, Water 14 

849 |, i 4 





Stimulation by raw meat produced a dis-inhibition of the 
extinguished water-reflex only during the early period of its after- 
effect. Later, the effect of extinction returned temporarily, in 
accordance with the general rules of conditioned reflexes. 

We see, therefore, that in the first dog only an organ of a secondary 
physiological importance, with only a rudimentary relation to the 
external world, remained functionally intact, namely, the salivary 
gland; and even this sole surviving witness could attest the con- 
tinued functioning of the cerebral cortex only in conjunction with 
the rudimentary analyser of the mouth. 
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We shall now turn our attention to the second dog, which had 
a slightly different extent of lesion. In removing the anterior part 
of the hemisphere the bulbus and tractus olfactorius were preserved 
with the utmost care, since we wished if possible to demonstrate the 
existence of conditioned reflexes to olfactory stimuli, as well as the 
water-reflex. 

The result exceeded our expectations. In this dog, besides the 
water-reflex, the conditioned reflex to an odour of camphor became 
re-established. The natural olfactory conditioned reflexes to food 
were of course also present. The dog stretched out its head towards 
food—directed by smell, and occasionally grabbed food placed close 
enough to it. This was the only important difference between the 
two dogs. In relation to other animals and to men the second dog 
was also entirely indifferent. The helplessness amongst mechanical 
obstacles and the defeets in locomotion were as pronounced as in 
the first dog. Generally speaking this second dog was as great an 
invalid and as incapable of continuing to exist without careful 
tending as the first. No positive conditioned reflexes to stimuli 
belonging to other analysers could be obtained. 

The post-mortem examination revealed in both dogs an extreme 
atrophy of the remaining posterior part of the hemispheres. 

I think that the general behaviour of these animals can be more 
or less clearly interpreted by correlating our observations upon 
their conditioned activity and the result of the post-mortem exami- 
nation. All the ‘cortical parts of the analysers, with the exception 
of the analyser of the mouth in both dogs, and in the second dog of 
the chemical analyser of smell in addition, either did not function 
at all or else only partially (inhibitory reflexes). The dogs, therefore, 
were deprived of innumerable signalling stimuli from the external 
world, stimuli which otherwise would determine their normal com- 
plicated activities. In the first dog the only analyser to remain 
intact was the one which is tlie most limited in its contact with the 
environment. In the second dog, besides this there remained also 
the activity of the distance analyser of smell, which is especially well 
developed in dogs. In this dog, however, the analyser of smell 
functioned neither so efficiently nor so constantly as in normal dogs. 
This may have been due to some damage of the analyser during the 
operation, or to its being constantly held under a certain inhibitory 
influence deriving from other analysers which had been damaged 
and which by themselves, although incapable of any positive activity, 
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could yet respond to stimuli by the development and irradiation of 
an inhibition. The most important effector apparatus of the organism 
—its skeletal and motor system—was in both dogs incapable of 
performing its activities with the precision required for adjustment 
to changes in the external environment. Under normal conditions 
the activity of this system is determined by an associated action of 
two analysers, an external, cutaneous analyser—signalling in detail 
changes in the external mechanical relations of the animal to its 
environment—and an internal, motor analyser—performing a 
detailed analysis and complicated synthesis of corresponding move- 
ments. In the case of extensive disturbances of either, it is obvious 
that detailed motor reactions in response to changes in the external 
environment cannot be present. There is evidence, however, that 
in these two dogs some irregularly dispersed parts of the cutaneous 
and motor analysers still remained in the cortex, this being the 
probable explanation why stimulation of certain parts of the skin 
(stroking of the neck and head) undoubtedly evoked inhibitory 
(most probably conditioned) reflexes neutralizing the general excita- 
tion of the animal and leading to sleep, while stimulation of certain 
other parts evoked only unconditioned reflexes which are known to 
be the result of activity of the lower motor centres—various scratch 
reflexes and defence reflexes. The same consideration may explain 
also the differences between these two dogs and entirely decorticated 
animals, namely, that the latter begin much sooner after the operation 
to get on their feet, stand, walk about, and in general show much 
less disorder in their movements than the two dogs described. The 
presence of dispersed remnants of the motor analyser is also indicated 
by the epileptic attacks in these two dogs, occurring in the form of 
convulsions of the muscles of the head, neck and sometimes body, 
but never of the extremities. As regards the absence of the special 
“ social ” reflexes sufficient has already been said. It is most prob- 
able that their existence depends on exceedingly complex condi- 
tioned reflexes, which in these dogs, of course, could not have been 
present, since even elementary positive conditioned reflexes were 
absent in the majority of the analysers. 

I shall now discuss another case, the analysis of which occupied 
a very long time. This dog showed a great deviation from the 
normal in its general reactions, not immediately after the operation 
and not on account of the surgical lesion of the cortex itself, but 
under the influence of a subsequent growth of scar tissue accompanied 
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by frequent attacks of convulsions, which two years after the opera- 
tion became so severe as finally to lead to the death of the animal. 
The dog was young, very lively, and with a well-balanced nervous 
system. The experiments were started before the operation and 
confined to the development of tactile and thermal cutaneous reflexes 
which, as mentioned before, have an exceptional tendency to induce 
an inhibitory state of the cortical elements, dogs soon becoming 
drowsy under their influence and falling asleep. This dog, however, 
remained wide awake in its stand during the whole time of an 
experiment. The operation on the cortex was performed in two 
stages, first on the one and then on the other side (9th March and 
28th April, 1910), the gyri postcruciatt being partially destroyed, 
It was now for some time observed that stimulation of the areas 
of the skin corresponding to the cortical field of the operation 
produced drowsiness of the animal. This, however, was overcome 
by the introduction of a new strong conditioned stimulus (buzzer). 
After a short period of time all the small defects which developed 
after the operation almost completely disappeared and the dog 
behaved generally as normal. On the lith May, 1910, it had a first 
attack of convulsions. Since the work that had been planned ori- 
ginally was at this time already completed, the dog was kept for a 
considerable time without observation. During the following 
summer the attacks of convulsions recurred, and in the autumn and 
winter the attendant looking after the animal reported that it had 
developed extremely peculiar behaviour and on being touched now 
entered into a state of extreme excitation, snarling, barking and 
baring the teeth in a manner which had never been observed before in 
this animal. In the beginning of January 1911 the dog was given 
over to Dr. Satournov. Its general behaviour was now as follows : 
Taken out of the kennel and placed on the floor it became wildly 
excited, soon, however, quieting down, after which it remained 
standing in the same place upwards of an hour at a time, only 
moving the head and sniffing the air. It would then make some 
forward or circular movement preliminary to defaecation or micturi- 
tion, which quickly followed. Then it would continue standing in 
the same place. With the approach of the usual feeding time the 
dog would begin to walk about sniffing the air. A dish of food placed 
in front of it would make it stretch out its head after the food and 
even follow if the dish were removed. The act of eating was normal, 
the standing posture quite firm and without swaying, but as the dog 
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walked the front legs would splay out, and when it turned quickly 
on a smooth floor the front legs would slip, but the animal would 
seldom fall. Sometimes the animal walked into obstacles, sometimes 
went round them. Sexual reflexes in spite of careful obscrvations 
were never observed. The animal never answered to calling, and 
generally did not exhibit any reactions to other dogs or to men. 
If the hair on any part of the skin, especially of the neck and head, 
were touched however slightly by hand, other animals, wind, drops 
of rain, or any object with which the dog might come into contact, 
an extraordinary outburst of excitation followed, expressed by 
growling. barking, baring of the teeth and hostile movements 
generally. Usually the animal lifted up its head into the air and 
practically never turned it towards the point of origin of the touch. 
At the same time a continuous pressure upon the skin—for example, 
by apparatuses attached to the skin during experiments, or by the 
loops of the stand—left the dog quict. 

As was previously mentioned, the whole time the animal survived 
general attacks of convulsions recurred from which it usually recovered 
comparatively quickly. The conditioned reflex activity of this 
strange animal was studied in order to elucidate if possible the reason 
for its behaviour. An old conditioned alimentary reflex to a buzzer 
was easily and quickly re-established. A new conditioned reflex to 
a tone of an organ pipe of 300 d.v. was established, as was also a new 
reflex to an odour of camphor as well as a differentiation of the 
sound of another organ pipe three tones higher, and a conditioned 
inhibition of the reflex to camphor in conjunction with a metronome. 
The experimenter [Dr. Satournov] did not succeed in re-establishing 
any of the tactile conditioned reflexes which were present before the 
pathological condition developed. He observed, however, that 
positive conditioned stimuli were in gencral very apt to develop 
inhibitory properties, and that the inhibitory process was extremely 
inert, exhibiting a very prolonged after-cffect upon positive reflexes. 

The next investigator who worked on this dog [Dr. Kouraev], 
realizing the pcculiarity just mentioned, worked mainly with short- 
delayed reflexes, and succeeded without difficulty in re-establishing 
the reflexes to tactile stimuli. The tendency of the nervous system 
to inhibition continued to increase, as did also the occurrence and 
severity of the attacks of convulsions. until on the 19th May, 1912, 
vigorous attacks continuing with only short intermissions during 
twelve hours finally killed the animal. The post-mortem examination 
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revealed, after removal of the scar, that the defect in the substance 
of the cortex involved the following convolutions—the posterior 
part of the gyrus postcruciatus, the anterior parts of the gyri supra- 
splenialis, entolateralis and ectolateralis, the gyrus suprasylvius 
medius, the upper half of gyrus coronarius, and to some extent the 
gyrus ectosyluius medius. The occipital and temporal lobes were 
very definitely atrophicd, the mass of the cortex in these two areas 
being diminished and the convolutions flattened out. The frontal 
lobes remained apparently entirely intact. 

The post-mortem examination showed that the actual destruction 
involved in the main the posterior part of the cortex, the anterior 
part being affected to a much smaller extent. Naturally therefore 
the behaviour of this dog, as shown by observation of its condi- 
tioned reflexes, resembled that of animals in which the posterior part 
of the cerebral cortex had been extirpated. The animal was, un- 
fortunately, not subjected to analysis of reflexes to compound 
auditory and visual stimuli. The absence of such reflexes could, 
however, be inferred from the fact that the dog did not react to 
calling and did not exhibit any social relations with other animals 
or with men, indicating an absence of chain, and probably all complex, 
reflexes. Certain irregularities in walking obviously depended upon 
a small damage of the motor analyser. It is difficult, however, to 
find an adequate explanation for the prolonged standing of the dog 
in one place and the exaggerated reactions to touching the skin. 
So far as the former is concerned it is impossible to decide whether 
it is an expression of a dominance of inhibition in the cortex sub- 
sequent to the periods of violent excitations (convulsions), or whether 
it should be regarded as a result of a partial damage of the cutaneous 
analyser. The latter explanation would seem to find support in the 
retention of the usual mobility of the head and neck. The exaggerated 
reaction to touching the skin might be of cortical origin or a refléx 
through subcortical centres. Since, however, tactile conditioned 
reflexes were present, the latter seems improbable. It is also difficult 
to reconcile the extreme excitability of the cutaneous analyser with 
the hypothesis of a predominance of the inhibitory process in the 
cortex. To solve these problems it would have been necessary to 
perform further variations of the experiments, and these were not 
at that time practicable. 

In describing the cases in the present lecture, I do not make the 
slightest pretence to have given a satisfactory explanation of the 
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entire nervous mechanism underlying the deviations from normal 
in the general behaviour of the dogs after surgical damage of the 
cortex. My aim has been simply to show that problems as to this 
mechanism are the legitimate province of physiology, and to demon- 
strate that a reasonable possibility of studying them is given even 
by present-day methods. 

On the whole the experiments upon conditioned reflexes brought 
forward in the last three lectures confirm the observations of old 
and recent authors upon the same problem, though we have also 
been able to add some new facts and to formulate some new problems. 
But what our experiments do most emphatically refute is the doctrine 
of special “ association ” centres, or, more generally, of the existence 
in the hemispheres of some special area on which the higher functions 
of the nervous system depend—a doctrine which has already been 
strenuously opposed by H. Munk. 


LECTURE XXII 


The general characteristics of the present investigation and its special difficulties 
—Discovery of certain errors necessitating the modification of some earlier 
interpretations. 


A SCIENTIFIO investigation of biological phenomena can be conducted 
along several different lines each of which would treat the problem 
from a different point of view. For instance, one may have in view 
the purely physico-chemical aspect, analysing the elements of life 
by the methods of physics and chemistry. Again, keeping in view 
the fact of evolution of living matter one can try to elucidate the 
functions of complex biological structures by studying the functions 
of individual cells and of elementary organisms. Finally, one can 
make an attempt to elucidate the activities of complex structures 
in their fullest range directly, seeking for rigid laws governing this 
activity, or, in other words, trying to define all those conditions which 
determine the form this activity takes at every instant and in all 
its variations. The line of inquiry which has been adopted in the 
present investigation obviously belongs to the third point of view. 
In this research we were not concerned with the ultimate nature of 
excitation and inhibition as such. We took them as two fundamental 
properties, the two most important manifestations of activity, of 
the living nervous elements. Nor was it our aim to interpret the 
activity of the hemispheres in terms of elementary functions of the 
nervous system, as has been done, for example, in the physiology 
of the nerve fibres. We intentionally neglected also the contro- 
versial problem of the actual localization of these two fundamental 
processes, and did not attempt to assiga them to either of the two 
elements of the nervous structure, namely, the nerve cell and the 
synaptic junction or fibrillary connection between two individual 
nerve cells. The acceptance of the more general conception of the 
two processes of inhibition and excitation as the basic functions of 
the nervous cellular structures was sufficient for the purposes of 
our research, the study of conditioned reflexes being of the nature 
377 
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of a general investigation of the functions of the cellular structures 
of the cortex as exhibited in various reactions of the organism to a 
multitude of separate stimuli which originate from within or from 
without the organism—stimuli for the reception of which there is 
such an unbounded number of separate cortical cells and which 
after extirpation of the cortex lose their significance for the organism. 
It is highly probable that excitation and inhibition, the two 
functions of the nerve cell which are so intimately interwoven and 
which so constantly supersede each other, may, fundamentally, 
represent only different phases of one and the same pliysico-chemical 
process. The primary aim of our research was the accurate deter- 
mination and tabulation of different phases of the cortical activity— 
the absence or presence of an inhibitory or excitatory phase, the 
exact conditions under which the intensity of the excitatory or 
inhibitory process varied, and the mutual interrelation between 
these processes. It is obvious that in its intrinsic nature our work 
is closely allied to the work of Sherrington and his co-workers upon 
the spinal cord, and it is impossible not to notice in how many points 
the different aspects of the nervous activity of the cortex correspond 
with those described in the physiology of the spinal cord; a fact 
which seems strong evidence of a similarity of the fundamental laws 
governiny the nervous activity in the two cases. 

Research upon the activity of the cortex along these lincs must 
unavoidably present exceptional difficulties. The extraordinary 
reactivity of the cortex, on the one hand, and the ur.bounded volume 
of stimuli continually pouring into it, on the other hand, arc respon- 
sible for the two fundamental peculiarities of the cortical activity— 
namely, first, that it is determined in every minutest detail, and 
second, that it is in a state of perpetual flux, changing so rapidly that 
it becomes practically impossible to observe any aspect of it in an 
entirely pure and uncontaminated form and to appraise and control 
all the determining conditions. The minutest changes in the en- 
vironment or inside the organism itself—changes which may be 
imperceptible to us and unsuspected—have a profound effect upon 
the cortical activities. It is obvious that these special peculiarities 
of the research are in many instances the cause of fallacies, especially 
since it is so tempting to adhere to different fancied analogies and 
plausible generalizations—a tendency which cannot be too much 
guarded against in the present state of the research. The mind, so 
to speak, often fails to keep pace with the tremendous variety of 
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interrelations, and this is why our interpretations were often too 
limited and led to errors which have had to be constantly corrected. 
Indeed I have no doubt that the presentation of the subject-matter 
attempted in these lectures will in the future still be corrected in 
many details. Errors in interpretation, and crrors sometimes in 
the methods of observation, are naturally to be expected in a study 
of such astounding complexity. These special peculiarities of our 
subject is the reason why I thought it advisable to delay a systematic 
presentation of our prolonged researches until now : new problems 
are perpetually arising, and at the same time an cqually large number 
of questions are still left unsettled. We often feel compelled to turn 
our attention from problems which directly confront us to some un- 
expected new phenomena which introduce fresh problems or which 
necessitate a revision of old points of view. This general aspect of 
the investigation into the cortical activity I want particularly to 
emphasize in the present lecture, taking for my examples some 
fresh observations which have not been discussed in the preceding 
lectures. 

The surprising minuteness ot detail in which the cortical activity 
is determined by external and internal agencies, and the extraordinary 
precision and delicacy of the responsiveness of the cortex to even the 
minutest changes in these agencies, are clearly illustrated by the 
two following observations, which are both taken from the later 
period of our work. 

The dog uscd in the first of these experiments has already been 
referred to in the preceding lectures. It passed through the experi- 
ence of the great flood in Petrograd, and afterwards served for an 
investigation of a functional disturbance of the acoustic analyser 
(p. 316). In the course of a month in which the animal behaved 
again normally a differentiation of pitch was developed. During the 
isolated action of the conditioned stimulus (10 seconds) the secretoty 
effect was as much as 5 drops; the difference between the effects 
of strong and weak stimuli was very definite, and the food given 
in reinforcement was always taken with avidity, In the stand 
the animal stood quietly. We now introduced an apparently very 
small modification in the experiment, the isolated action of the con- 
ditioned stimulus being prolonged a further 5 seconds. As a result 
of this the entire conditioned activity was immediately disturbed. 
The following are illustrative experiments taken from the two periods 
of the research : 
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Experiment of 19th June, 1926 (normal experiment). 


Salivary 
Time Conditioned stimulus | Secretion in Remarks 
during 10 seconds | drops during 
10 seconds 

10.33 a.m. Tone, 250 d.v. 44 The animal stands quietly 
10.38 ,, Tone, 150 d.v. and exhibits a definite 

(inhibitory) 0 alimentary motor re- 
10.48 , Bubbling sound 5 action to conditioned 
10.52 ,, 3} stimuli; takes the food 
10.59 ,, Babbling sound 5 at once 





Experiment of 24th June, 1926 (experiment after prolongation of the 
isolated action of the conditioned stimulus). 


Salivary 
Time Conditioned stimulus | Secretion in Remarks 
during 15 seconds | drops during 
15 seconds 
10.28 a.m. Tone, 250 d.v. 7 Alimentary reaction ; 
takes the food 
During the interval the 
animal is very excited 
10.34 ,, Lamp 2 Weak alimentary re- 
action; takes the food 
g During the interval the 
animal is again very 
excited 
10.49 ,, Buzzer 0 The dog turns away, but 
takes the food 15 secs. 
after presentation 
10.54 ,, Lamp 1} Alimentary reaction ; 
takes the food at once 
lll ,, Buzzer 0 Turns away; does not 
take the food 


ak. 





The first application of the conditioned stimulus in the experiment 
of 24th June produced a greater secretory effect than usual, for the 
obvious reason that the isolated action of the conditioned stimulus 
had been protracted for a further 5 seconds. The alimentary motor 
reaction in response to the stimulus was lively, the food being con- 
sumed at once ; everything promised a normal experiment, and there 
were so far no indications of any special deviation from normal. 
However, already during the interval between the first and second 
stimuli the animal showed an unusual state of excitation. This was 
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followed later on by an obvious paradoxical phase : a strong stimulus 
(buzzer) failed to elicit the secretory reaction while the motor reflex 
considerably diminished. The animal on the first application of the 
buzzer (10.49 a.m.) accepted the food after some delay, and on the 
second application (11.1 a.m.) did not touch the food at all. A weak 
stimulus (lamp) nevertheless continued to evoke a secretion (although 
a diminished one) and to evoke a motor alimentary response. We 
returned to the usual length of isolated action of the conditioned 
stimulus (10 seconds) on the following day. The disturbance, 
however, became still more pronounced, the secretory effect being 
absent throughout the experiment, while the animal turned to the 
food only after weak stimuli and would not touch it after strong 
ones. On the third day all reflexes returned to normal, except that 
the tone which had been the first stimulus employed on the day 
(24th June) when the isolated action of the stimuli was prolonged, 
still gave a diminished secretory effect (only a half of its usual 
secretion during 10 seconds). A further experiment with a temporary 
prolongation of the isolated action of the conditioned stimuli produced 
exactly the same pathological state (paradoxical phase) of the animal. 
These observations provide a brilliant example of the exquisite 
delicacy in the reactivity of the cortex, showing how considerable 
may be the effect of such minute changes in the conditions of an 
experiment. 

The second dog, also previously mentioned,—“ Brains ”—was 
of an extremely-inhibitable type, and the same change in the experi- 
mental conditions led to exactly opposite results. This dog when 
left in the stand without application of any stimuli quickly became 
drowsy, with the result that not only conditioned reflexes disappeared 
but also reflexes in response to the actual administration of food. 
For the purpose of overcoming this drowsiness we had used the usual 
method of abbreviating the isolated action of the conditionéd 
stimulus to 4-1 second. After three weeks of this practice the drowsi- 
ness disappeared, and the dog now took the food immediately on 
presentation and consumed it with avidity. A prolongation of the 
isolated action of the conditioned stimulus to 5 seconds revealed the 
presence of a conditioned secretory reflex. On continuation of the 
experiments with the isolated action of 5 seconds the reflex main- 
tained its strength for several days. After this the reflex again 
diminished and the animal once more succumbed to drowsiness. 
However, it was now sufficient to prolong the conditioned stimulus 


382 CONDITIONED REFLEXES 


to 10 seconds for the animal to become again alert ; the secretory 
effect returned after several repetitions of the prolonged stimulus, 
and, what is important, it appeared within the first 5 seconds of the 
isolated action of the conditioned stimulus. On continuation of the 
experiments with the isolated action of 10 seconds the animal again 
became drowsy and the secretory conditioned reflex again disap- 
peared. A further prolongation of the conditioned stimulus to 15 
seconds produced a similar effect to that of the first prolongation to 
10 seconds, #.e. a temporary return of the alert state and a consider- 
able conditioned secretion starting well within the first 5 seconds. 
The same sequence of events was repeated yet twice more on pro- 
longation of the conditioned stimulus to 20 and 25 seconds, The 
following is an example of an experiment : 


Experiment of 28th February, 1925. 





Salivary 








Conditioned Latency of vary 
Time stunulus applied salivary | Secretion in 
during 15 seconds | secretion | drops during 
15 seconds 
8.53 a.m. Metronome 7 | 1 
93 , Tactile ~ 0 
9.18 ,, Whistle ~ | 0 


On the next day the isolated action of the conditioned stimuli 
was prolonged to 20 seconds. The following is an experiment after 
two days’ practice with the longer interval : 


Experiment of 3rd March, 1925. 





Conditioned Latency of Salivary 
Time stimulus applied salivary Secretion in 
during 20 seconds secretion | drops during 
20 seconds 
9.2 a.m. Metronome 4 5 
9.12 ,, Whistle 2 8 
9.24 ,, Tactile | 10 34 








Thus every small prolongation of the isolated action of the con- 
ditioned stimulus evoked after a few repetitions a temporary state 
of excitation of the dog: the drowsiness disappeared, and the 
secretory reaction reappeared, starting soon after the beginning of 
the conditioned stimulus and well within the period in which there 
was no secretion during the shorter isolated action of the stimulus. 


NEW INTERPRETATIONS 383 


The latter fact shows that the enhanced secretion was not merely 
due to the prolongation of the period of observation but was the 
genuine result of a cortical excitation. 

We thus see that one and the same change led to opposite effects 
in the two dogs: in the first it resulted in inhibition, in the second 
it abolished inhibition. Most probably the difference in the effects 
was dependent on the fact that the first animal was alert during the 
experiments (i.e. in a state of cortical excitation), while the other 
dog was drowsy (?.e. in a state of cortical inhibition). 

We are constantly confronted by cases in which pathological 
changes in the state of the animal are brought about bysome unknown 
secondary conditions. It has repeatedly been mentioned in the 
preceding lectures that conditioned reflexes to stimuli belonging to 
different analysers are normally of different magnitude. Remem- 
bering that the nervous process is considered by present-day physio- 
logists to be identical in all nerve fibres, and having somehow con- 
ceived the idea that the difference in our perception of light, sound, 
etc., must have some physical basis in differences of corresponding 
cortical elements, we were for a considerable time inclined to attribute 
the difference in the magnitude of the conditioned effect to individual 
peculiarities of the cells of the different analysers. Reinvestigation 
of the whole question, as has been mentioned already, showed that 
the differences in the magnitude of the conditioned reactions to 
stimuli belonging to different analysers, depend fundamentally upon 
the intensity of the stimuli themselves (p. 269). This conclusion, 
it will be remembered, was arrived at in the following manner. We 
knew for a long time that in a conditioned compound stimulus made 
up of two agencies belonging to different analysers one of the stimuli 
almost invariably overshadows the other, as can easily be revealed 
by testing the individual components separately. In such a com- 
pound our usual auditory stimuli, in the majority of dogs, over? 
shadowed visual, tactile and thermal components, but in a compound 
made up of a weakened auditory stimulus and a strong visual one 
the relations were entirely reversed. This observation proved the 
difference in response to be due not to fundamental differences in 
the cellular structure of the various analysers, but to the relative 
intensity of the individual stimuli. Now, although the above holds 
good in the majority of cases, in some few animals the difference in 
the magnitude of the conditioned response to different agencies was 
found to be entirely absent. We have already directed considerable 
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attention to the study of this deviation, but we are not yet in a 
position to state definitely under what special conditions it occurs. 
Some of the determining conditions are, however, known. These 
special cases depend to some extent upon the general type of the 
nervous system of the animal—excitable or inhibitable. In the 
inhibitable type the usual relation between intensity of stimulus 
and magnitude of effect is especially obvious, occurring practically 
without exception otherwise than in extreme pathological states. 
It is true that if the period of isolated action is short there may not 
be any apparent difference between the effects of strong and weak 
stimuli, since in the initial stage the effect is practically the same in 
both cases ; but with a prolongation of the stimulus the secretion 
augments rapidly in the case of strong stimuli and only slowly in the 
case of weak stimuli. In the case of excitable and very greedy dogs 
it is, on the contrary, the abbreviation of the conditioned stimulus 
which helps to disclose the usual relation between the magnitudes 
of the effects of weak and of strong stimuli, a relation which may not 
be apparent when the stimuli are more prolonged. 

On account of the immense number of different conditions 
determining the different states of activity of the cortex I feel that 
even now the physiological analysis of many seemingly simple and 
well-known facts is very often far from perfect. I will describe, for 
example, the observations upon one of our recently acquired animals 
[experiments of Drs. Podkopaev and Virjikovsky]. In this case the 
conditioned reflexes to different agencies were developed with the 
following important variation in the usual method. The first agent 
to which conditioned properties were to be given was applied alter- 
nately with and without reinforcement by food. The conditioned 
reflex developed comparatively quickly (by the 20th application). 
In the case of the next stimulus the reinforcement was given at every 
third application. The reflex developed even quicker than before 
(by the 7th application). The animal became, however, extremely 
excited. Finally a third agent was reinforced only at every fourth 
application, and in this case the conditioned reflex failed to develop 
and the animal became somewhat drowsy. The last stimulus was 
applied a total of 240 times (60 times in conjunction with food). 

Let us, having recourse to all our previous knowledge, endeavour 
to interpret these facts. Why, in the last case, did the conditioned 
reflex fail to develop ? or, at any rate, why was it for so long delayed, 
if, indeed, it would have developed at all? The fundamental 
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mechanism of development of a conditioned reflex depends upon 
excitation of some definite point in the cortex coincidently with a 
more intense excitation of some other point, probably also of the 
cortex, which leads to a connection being formed between these two 
points ; and reversely, if such a coincident stimulation of these 
points is not repeated for a long time the path becomes obliterated 
and the connection disrupted. But when once such a path has been 
firmly established it remains intact without further practice, for 
months and years. It is obvious that under suitable conditions 
a new connection must be formed at the very first occurrence of 
the simultaneous excitation and become strengthened by every 
repetition. In ordinary experiments with normal dogs about twenty 
reinforced repetitions are required to establish the first of any 
conditioned reflexes experimentally produced, and this number 
sufficed in the first variation (alternate reinforcement) described 
above. In the establishment of subsequent reflexes under normal 
conditions only three to five repetitions are necessary, and yet in 
the case now under discussion (reinforcement of every fourth ap- 
plication) sixty repetitions produced no result. The first possible 
explanation is the prolongation of the interval between the separate 
reinforcements, but this cannot be the reason in our case since with 
the same intervals of time, but omitting the non-reinforced applica- 
tions during the intervals, the conditioned reflex invariably and 
quickly develops. It is obvious, therefore, that the frequent repeti- 
tion of the non-zeinforced agent must oppose a powerful resistance 
to the development of a conditioned reflex. We know already that 
every new stimulus which evokes the investigatory reflex ceases 
on repetition to have any effect unless the stimulus has been followed 
up with some other reflex. Such a disappearance of the effect is 
known to be due to a development of inhibition in those cortical 
elements upon which the stimulus acts. Consequently, in the third 
variation of the experiment such an inhibition might have developed 
on account of the application of three non-reinforced stimuli, the 
cortical elements never acquiring with the fourth, reinforced stimulus 
a sufficient state of excitation for a connection to be formed with 
the excited alimentary nervous elements. But although such an 
interpretation seemed highly plausible it failed when subjected to 
the following experimental test. When the stimulus had been 
repeated 240 times (60 times with reinforcement) a pre-established 
conditioned stimulus was applied 30 seconds after the ineffective 
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stimulus. No inhibitory after-effect was ever observed. Obviously, 
therefore, the ineffective agent could not have produced any wide- 
spread inhibition. It was still possible, however, that on account 
of prolonged practice the inhibitory effect had become extremely 
concentrated in a narrow region ; but neither was this explanation 
supported by our experiments, for when we now began to reinforce 
the agent at each successive application the conditioned secretory 
effect was already considerable at the third reinforcement, showing 
that the rate of development of the new conditioned reflex was 
maximal. We cannot, therefore, regard the stimulus as having had 
any definite inhibitory properties. Several further possible explana- 
tions have also been tested experimentally, but we have hitherto 
failed to disclose the nature of this phenomenon. So far, our experi- 
ments simply show that we have not yet gained command over all 
the conditions which determine the development of conditioned 
reflexes. The conditions enumerated in the second lecture, however 
sufficient they may be as regards the development of all those reflexes 
with which we have been accustomed to deal, nevertheless do not 
finally exhaust the subject, since having had all of them in our mind 
‘we have still failed to understand the results of the experiments 
described above. There must exist some further condition which 
has up to the present been overlooked. This failure only serves to 
demonstrate once more the surprising extent to which, in every 
detail, the cortical activity is determined, and the astonishing 
reactivity of the cortical elements. 

It was, of course, obvious from the start that there was no 
immediate possibility of attacking the complex activity of the cortex 
from its physico-chemical aspect. Neither did there appear to be 
any real hope of approaching an understanding of the cortical 
activity through the study of the elementary properties of the nervous 
tissue. We have come now to see that we do not possess even yet 
a full descriptive knowledge of the various aspects of this activity. 
Our chief task in studying the cortical activity at the present time 
must therefore consist in reducing the tremendous mass of various 
separate observations to terms of a progressively diminishing number 
of general and more fundamental units. This we have fully realized, 
and in some cases we seem to be approaching our goal, but in other 
cases we find ourselves confronting some entirely new aspects of 
the cortical activity, which sometimes are within, and at other times 
beyond the range, of our present powers of analysis. 
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In the beginning of the present rescarch, on the basis of very 
definite but purely external signs, we distinguished three types of 
inhibition—external inhibition, internal inhibition, and sleep. 
Accumulation of further observations permitted us to fuse the last 
two types by showing that the apparent differences are onlysecondary. 
Sleep and the various forms of internal inhibition are aspects of one 
and the same process, which in the one set of cases is fragmented and 
localized, in the other case diffused. When in the course of our further 
investigation of conditioned reflexes we met with the phenomenon 
of mutual induction, it was natural that we should perceive the 
similarity between negative induction and external inhibition. 
Hence a fundamental identity of all the three types of inhibition 
appeared very probable, and special efforts were directed to the 
collection of further evidence on the point. Some of this evidence 
has been given before, and fresh evidence will be added in the present 
lecture. In the lecture upon induction an experiment was described 
in which a conditioned defence reflex to a tactile stimulation of a 
place on the skin exerted an inhibitory after-effect upon a conditioned 
alimentary reflex to tactile stimulation of other places. We found 
reason to believe that this inhibition was in part cortical (p. 202). 
In the lecture upon different transition phases between the alert 
state and sleep it was shown that some of these phases can be observed 
not only during the after-effect of internal (differential) inhibition, 
but also under the influence of external inhibition (p. 276). I am 
now in a positior to add some further considerations in favour of 
the identity of internal and external inhibition. We are inclined to 
regard the frequently mentioned fact of overshadowing in a compound 
conditioned stimulus of the weaker by the stronger component as 
based upon external inhibition. The cortical elements belonging 
to the strong stimulus inhibit those of the weak stimulus, and the 
latter, therefore, can establish only a weak connection with the 
unconditioned centre. This theory is substantiated by the fact that 
the strengths of newly established conditioned connections depend 
on the relative strengths of the conditioned stimuli. This considera- 
tion obviously approximates still more the phenomenon of external 
inhibition to negative induction, in which the application of the 
positive conditioned stimulus reinforces, or even re-establishes, the 
inhibitory state of the nervous elements acted upon by the inhibitory 
stimulus. Many of my collaborators [Drs. Mishtovt, Krjishkovsky 
and Leporsky] noticed that for a quick and complete establishment 
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of a conditioned inhibitor it is of considerable importance to choose 
a stimulus which is not much weaker in strength than the positive 
compenent of the combination. Recent experiments performed in 
this connection by Dr. Foursikov not only corroborate these obser- 
vations, but bring out the important fact that the external inhibition 
which on account of the investigatory reflex is produced at the first 
application of the new stimulus, often gradually and almost imper- 
ceptibly undergoes transition into the permanent conditioned 
inhibition. In spite of the cumulative effect of the foregoing evidence 
it is by no means conclusive, and I feel entitled to advance the view, 
that external and internal inhibition are fundamentally the same, 
only as a strong probability. 

It was noticed in the nineteenth lecture that three different types 
of external stimuli lead to an inhibitory state of the cortex, namely, 
very weak stimuli, very strong stimuli, and unusual stimuli, and an 
attempt was made to give a general biological interpretation of 
this effect. The physiological mechanism of the effect of these 
stimuli is as yet obscure, neither do I find it possible to discuss the 
problem of inhibition in its entire range. The experimental material, 
although considerable, is not yet sufficient to establish any general 
and definite conception of the nature of inhibition and its relation 
to excitation. Explanations which seem to fit some one group of 
phenomena fail when applied to other groups. Many observations 
do not fit in with any of the theories, and our conception of the 
mechanism involved has had to be changed many vimes in the course 
of our research, never entirely satisfactorily. Here again, as in the 
whole of our research, we can only collect and systematize facts. 
The fact that very powerful and very weak stimuli have a stronger 
tendency than medium stimuli to produce inhibition belongs to the 

category of unsolved problems along with the mechanism of dis- 
inhibition, the positive effect of negative stimuli in the “ ultra- 
paradoxical phase’ and the negative effect of positive stimuli in 
the case of damage to the cortex. In many instances we fail even 
to see which of the phenomena are closely related to each other 
and which are isolated and radically different. To illustrate the 
difficulty of such cases I shall attempt to deal with the question of 
the production of inhibition by new events or a rearrangement in 
the grouping of old events. We change, for example, the manner 
in which the conditioned stimulus is reinforced by food. Instead 
of a plate automatically moving with food from behind a screen, 
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a measured amount of food is now delivered mechanically into a 
stationary plate. Many dogs after this change persistently decline 
the food, and all conditioned reflexes disappear. This, of course, 
is a case of inhibition, but what explanation can be suggested as to 
its mechanism ? It may be compared with an observation discussed 
in the thirteenth lecture where a change in the sequence of a series 
of conditioned stimuli led in some animals to a more or less pro- 
found inhibition of the entire conditioned activity—an inhibition 
which lasted for several days, notwithstanding that a return was 
made to the previous order of stimulation. What happens here with 
a small number of conditioned stimuli can well be imagined to take 
place in respect to the entire environment. Constant repetitions 
of external events in a stereotyped order may lead to a definite 
stereotyped pattern of activity in the cortex, each new distribution 
of the stimuli now producing a disturbance in the pattern of the 
cortical activity, leading to inhibition in exactly the same manner 
as in our experiments with alteration in the sequence of the 
conditioned stimuli. This comparison does not, however, explain 
the mechanism of the development of inhibition in this particular 
case. Was it a result of the investigatory reflex due to the change 
in environment, or are the investigatory reflex and this very prolonged 
inhibition two independent phenomena? In favour of the fizst 
supposition the fact can be advanced that in very inhibitable 
dogs the investigatory reflex exercises an extraordinarily prolonged 
inhibitory after-effect. 

The whole subject of conditioned reflexes has, of course, been 
continuously growing and expanding during the twenty-five years 
of its existence, The present lecture should show to the reader the 
exceptional difficulties we still meet with. Many similar difficulties, 
though some of them now seem trivial, confronted us throughout ; 
even in‘ our comparatively early material we still find scope for 
revision, and for the correction of different, sometimes important, 
errors. I shall discuss one of these which was discovered and 
corrected in repeating some old experiments during the preparation 
of these lectures, and another which is still beng invéstigated. 

In the fourth lecture three different modes of re-establishment 
of extinguished conditioned reflexes were described. In the first, 
spontaneous recovery occurred after a longer or shorter interval 
of rest; such recovery was slow in developing, but stable. In the 
second, quick recovery was brought about with the help of reinforce- 
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ment by the underlying unconditioned reflex. In the third, quick 
recovery was effected through the introduction of some extraneous 
reflex. The recoveries in the last two cases were described as 
fundamentally differing from one another, since the former was not 
only rapid, but also stable, whereas the latter, though equally 
quick, was only temporary—vanishing with the disappearance of 
the extraneous reflex and its after-effect, when the inhibition would 
again acquire its full intensity and maintain itself until the final 
recovery occurred spontaneously, just as if no extraneous stimulus 
had ever intervened. The term “ dis-inhibition” was therefore 
applied only to the latter case. The difficulty of interpreting the 
mechanism of this difference was immediately recognized. Recently 
during experiments upon some new aspects of the relation between 
the conditioned and the unconditioned stimulus these old observa- 
tions were repeated, and found to be inaccurate [experiments of 
Dr. Podkopaev]. 

The recovery of an extinguished conditioned reflex is found in 
both cases to be temporary—in the case of the special reinforcing 
agent as well as under the influence of an extraneous reflex. In 
both cases the extinguished conditioned stimulus recovers its positive 
effect only for a time, then the positive effect again disappears, 
recovery occurring spontaneously. When the extinguished con- 
ditioned reflex is alimentary while the extraneous one is a defence 
reflex based on acid, the extent and duration of the disinhibition 
can be seen with great ease and regularity to be identical which- 
ever method of restoration is employed. These experiments were 
conducted on two dogs, and they entirely corroborated one another. 
I shall describe the experiments on one of the dogs in detail. On 
extinguishing the conditioned alimentary reflex to a metronome it 
was found that the reflex remained at zcro for 20 minutes counting 
“from the last non-reinforeed application of the conditioned stimulus. 
Then spontaneously the reflex began slowly to recover, reaching at 
the thirtieth minute 40% of its original value. After a fresh extinc- 
tlon to the first zero the conditioned stimulus was immediately 
reinforced, but it was again found twenty minutes later to give a 
zero effect. When, however, in another experiment it was tested 
10 minutes after a similar reinforcement a positive effect was ex- 
hibited. Exactly similar results were obtained when acid instead 
of food was administered at the first zero, the reflex being again 
tested at the previously mentioned intervals of time. The following 
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are the actual figures of some of the experiments: The conditioned 
stimulus on its first application on a particular day gave 6 drops in 
twenty seconds; the stimulus was reinforced immediately after 
complete extinction ; tested after 10 minutes it gave 3 drops in 
twenty seconds. On the following day the experiment was repeated 
under precisely similar conditions. The stimulus gave, to start with, 
7 drops during 20 seconds, and tested twenty minutes after rein- 
forcement at the first zero of extinction gave no trace of any secretory 
effect. The experiments were now performed with administration 
of acid after the extinction of the alimentary conditioned reflex to its 
first zero. In the first experiment the reflex measured at the start 
5 drops in twenty seconds. Tested 10 minutes after administration 
of acid following the first zero it gave 2 drops. On the following day 
the conditioned stimulus again gave 5 drops at first, but tested twenty 
minutes after administration of acid following the first zero it re- 
mained without any secretory effect. The maximum of the dis- 
inhibiting effect in both cases was reached, of course, much earlier 
than ten minutes from the administration of food or acid following 
the first zero. The error in our older experiments was due to an 
obvious fallacy. The comparison of the rate of recovery in the two 
cases had been made between the effect of the special reinforcing 
agent and the effect of the much weaker extraneous reflexes evoked 
by different auditory, visual, tactile and other stimuli which generally 
have only a short after-effect, while the comparison should have 
been made with the dis-inhibiting effect of other extraneous agencies, 
e.g. chemical ones, which have as long an after-effect as has food. 
The error was facilitated by the fallacious conception that the 
unconditioned stimulus underlying the conditioned one must stand 
in some special relation to the latter, conferring special powers of 
re-establishment after extinction. The result of these recent experi- 
ments inclines us more and more to believe that the inhibitor} 
process arises in the nerve cells themselves and not in the connecting 
path between those cells excited by the conditioned stimulus and 
those excited by the special unconditioned stimulus employed. 
Otherwise it is difficult to reconcile the fact of the identical restorative 
action of the acid and food. 

The second probable error I wish to describe is still undergoing 
investigation, but I permit myself to discuss it now, on the one hand 
on account of the extreme importance of the point involved, and on 
the other hand because it illustrates once more the exceptional 
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difficulties presented in this research to the establishment of exact 
facts. It will be remembered that in the second lecture we discussed 
the essentials necessary for the establishment of conditioned 
reflexes. After establishing that the action of the originally neutral 
but potentially conditioned stimulus must overlap that of the un- 
conditioned stimulus, we insisted also that the former must precede, 
by however short a time, the commencement of the latter. When 
the unconditioned stimulus was applied 5-10 seconds before the 
neutral stimulus it was found impossible to develop a conditioned 
reflex even by 300-400 repetitions, whereas by the usual method 
any conditioned reflex can be established in the average dog by so 
few as 3-20 repetitions. It was natural to suppose that the strong 
unconditioned stimulus acting on some part of the cortex evoked 
in virtue of external inhibition such a profound inhibitory state in 
the rest of the cortex that all stimuli reaching these parts became 
ineffective. Such a state may be compared with that of a man 
preoccupied with some definite activity, who remains “deaf” 
and “blind” to anything occurring round about him—a familiar 
psychical phenomenon which is accepted from a physiological point 
of view as undoubtedly corresponding with an objective reality. 
The plausibility of the above reasoning made us confident of its 
validity until recently, when our point of view changed. The 
question was raised as to the mechanism by means of which an: -tly 
reinforcement of the conditioned stimulus, 7.e. a shortening of its 
isolated action, obstructs the development of inhibition in the 
cortical cells acted upon by the conditioned stimulus. In investi- 
gating this problem with a modification of the experiments we came 
unexpectedly on a new fact, viz. that if the unconditioned stimulus 
is administered before the pre-established conditioned stimulus the 
conditioned reflex becomes inhibited. Our attention naturally 
bévame directed to the exactly comparable case where, instead of 
a pre-established conditioned stimulus, we deal with a neutral agent 
which is intended for the development of a conditioned reflex. 
The effect of the unconditioned stimulus on both is precisely the same, 
since it exhibits in either case the properties of an external inhibitor. 
In contrast with these observations an introduction of a small 
modification in these time relations between the unconditioned 
stimulus and either of the other two causes the hitherto neutral 
agent to acquire conditioned properties and the conditioned stimulus 
to be strengthened in its pre-established ones. This contrast reminds 
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us of another set of facts—the relation between the development of 
a secondary conditioned reflex and the development of conditioned 
inhibition, the case in which under identical external conditions, but 
with a small change in the time relations between the two stimuli, 
there develops in the one case a process of excitation, in the other 
case a process of inhibition. All these observations concerning the 
action of the unconditioned stimulus point to the view (which 
involves a considerable modification of our original conception), that 
the mechanism of development of a conditioned reflex and the 
mechanism of external inhibition are somehow similar, and that the 
process of external inhibition bears some relation to the development 
of new connections between different cortical elements. If the 
analogy between external inhibition and the development of con- 
ditioned reflexes holds good, it should be expected that in the case 
where the unconditioned stimulus slightly precedes the action of 
the neutral agent there would in the very beginning be an opportunity 
for formation of a link between their respective cortical points, 
leading to the formation of an unstable conditioned reflex. This 
reflex would, however, rapidly undergo inhibition on repetition of 
the superimposed stimulation. The first preliminary experiments 
have fully confirmed our supposition. We had already noticed that 
administration of the unconditioned stimulus immediately preceding 
the pre-established conditioned one led only gradually to a definite 
diminution of the reflex, a diminution which was the more rapid 
and the more profound the smaller the intensity of the conditioned 
stimulus. Remembering this, we applied the similar combination 
of the unconditioned stimulus with the hitherto neutral stimulus, 
but repeated this combination only a very few times, to avoid the 
development of the inhibitory process. In many cases the expected 
result was obtained. The hitherto neutral stimulus when now tested 
alone revealed undoubted conditioned properties [experiments of 
Mile. Pavlova and Drs. Kreps, Podkopaev, Prorokov and Koupalov]. 
Considering now after these preliminary experiments the results 
obtained in the much earlier experiments by Dr. Krestovnikov 
(p. 27), we found that the neutral stimuli were tested by him for a 
conditioned effect only after a very large number of repetitions of 
the unconditioned stimulus slightly preceding the neutral agent ; 
moreover, even under these circumstances the stronger neutral 
stimuli when tested singly had at the first test some secretory effect. 
This secretory effect, however, was explained as a casual and not 
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a true conditioned effect—a brilliant illustration of the danger of 
too hasty generalizations. We imagined that if it were a true 
conditioned reflex it would increase in intensity on repetition uf the 
combination, and not diminish and finally vanish, as happens in 
these experiments. It is possible also that we were misled by the 
absence of a definite conditioned motor reaction. 

As before remarked, the problem here dealt with is being worked 
out in all its implications, under the strictest control and with the 
help of the knowledge which has been gained in the last few years. 
If the preliminary experiments described above should be fully 
upheld, an important fact in the physiology of the cortex will be 
disclosed—-namely, that new connections can be established in the 
cortex, not only in the areas of optimal excitability, but also in those 
areas which are in one or another phase of inhibition. 

In the present lecture it has been my aim not so much to dwell 
on the details of the different experiments as to lay the strongest 
emphasis upon the fundamental peculiarities of the method of 
conditioned reflexes. I beheve that the wealth of facts discussed 
in all the preceding lectures is in itself a sufficient indication that 
the whole problem is worthy of an intense scientific research, which 
should result in accumulation of a great number of valuable data. 
I have not, therefore, hesitated to expose in the present lecture 
some of the weaknesses in our own scientific venture. Full realization 
of the difficulties seems to me preferable to disregarding them. 
Moreover, it has been my desire to forewarn future workers in this 
field of the extraordinary complexity and the difficulties which they 
are bound to encounter. 

On the whole, looking back upon this new field of physiological 
research I find ıt full of fascination, especially since it satisfies two 
of the fundamental cravings of the human intellect—striving to 
realize ever new and new truths, and to protest against the pretension 
of finality in truth we have already gained. In this domain there 
will for long remain an immense breadth of uncharted ocean com- 
pared with the small patches of the known. 


LECTURE XXIII 


The experimental results obtained with animals in their application to man. 


In applying to man the results of investigation of the functions of 
the heart, digestive tract and other organs in the higher animals, 
allied as these organs are to the human in structure, great reserve 
must be exercised and the validity of comparisons must be verified 
at every step. Obviously even greater caution must be used in 
attempting similarly to apply our recently acquired knowledge 
concerning the higher nervous activity in the dog—the more so, 
since the incomparably greater development of the cerebral cortex 
in man is pre-eminently that factor which has raised man to his 
dominant position in the animal world. It would be the height of 
presumption to regard these first steps in elucidating the physiology 
of the cortex as solving the intricate problems of the higher psychic 
activities in man, when in fact at the present stage of our work no 
detailed application of its results to man is yet permissible 

Nevertheless, inasmuch as the higher nervous activity exhibited 
by the cortex rests, undoubtedly, on the same foundation in man 
as in the higher animals, some very general and tentative inferences 
can even now be drawn from the latter to the former. In the future 
it may confidently be expected that a full and detailed knowledge 
of at least the elementary facts of this activity will be obtained as 
regards both normal and pathological states. The similarities between 
the manifestations of this activity in man and animal being more 
obvious under normal conditions, I shall dismiss these briefly, dis- 
cussing in more detail certain pathological cases. 

It is obvious that the different kinds of habits based on training, 
education and discipline of any sort are nothing but a long chain of 
conditioned reflexes. We all know how associationb, once established 
and acquired between definite stimuli and our responses, are per- 
sistently and, so to speak, automatically reproduced, sometimes 
even although we fight against them. For instance, in the case of 
games and various acts of skill, it is as difficult to abolish all sorts 
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and it is equally difficult to overcome established negative reflexes, 
i.e. inhibitions. Again, experience has taught us that a difficult task 
should be approached by gradual stages. We know also how different 
extra stimuli inhibit and discoordinate a well-established routine 
of activity, and how a change in a pre-established order dislocates 
and renders difficult our movements, activities and the whole routine 
of life. Again, we know how weak and monotonous stimuli render 
us languid and drowsy, and very often lead to sleep. We are also 
well acquainted with different cases of partial alertness in the case 
of normal sleep, for example a sleeping mother next to her sick 
child. All these phenomena are analogous to those constantly met 
with in our animals as described in the preceding lectures, and there 
is no point in further discussing them in the present lecture. The 
discussion of pathological cases, however, will prove instructive. 
Contemporary medicine distinguishes ‘‘ nervous ” and “ psychic ” 
disturbances—neuroses and psychoses, but this distinction is, of 
course, only arbitrary. No real line of demarcation can be drawn 
between these two groups: it is impossible to imagine a deviation 
of higher activities from normal without a functional or structural 
disturbance of the cortex. The distinction between ‘‘ nervous” and 
“ psychic ” affections is a distinction made on grounds of greater 
or smaller complexity and subtlety in the disturbance of the nervous 
activity. Our experiments definitely show the validity of such a 
distinction. So long as we deal with animals in which the patho- 
logical disturbance results from functional interferences including 
violent changes in the conditions of life (such as our dogs experienced 
in the great flood in Petrograd), or on account of small operations 
on the cortex, we can grasp the mechanism of these disturbances 
more or less satisfactorily and express it in terms of neuro-physiology. 
Such disturbances would come under the classification of “ neuroses.” 
But if the disturbances are the results of extirpation or destruction 
by sear of large parts of the cortex we encounter great difficulty in 
picturing the mechanism of the resulting disturbance in the nervous 
activity, and we depend more largely upon various suppositions 
which still remain to be verified and controlled. Such disturbances 
would be classified as “ psychoses.” Obviously this difference in 
our attitude is due entirely to the much greater complexity of 
the disturbance in the latter cases, and to the inadequacy of present- 
day physiological analysis. We shall not discuss any conjectured 
subjective sphere of our animals, but shali consider both cases 
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simply as disturbances in the normal cortical activity—smaller and 
more elementary in the former and more extensive and more. com- 
plicated in the latter cases. 

In the dog two conditions were found to produce pathological 
disturbances by functional interference, namely, an unusually acute 
clashing of the excitatory and inhibitory processes, and the influence 
of strong and extraordinary stimuli. In man precisely similar 
conditions constitute the usual causes of nervous and psychic dis- 
turbances. Different conditions productive of extreme excitation, 
such as intense grief or bitter insults, often lead, when the natural 
reactions are inhibited by the necessary restraint, to profound and 
prolonged loss of balance in nervous and psychic activity. So, too, 
neuroses and psychoses may develop as a result of different powerful 
stimuli, e.g. extreme danger to oneself or to near friends, or even 
the spectacle of some frightful event not affecting one directly. At 
the same time we know that the same influence may produce a 
profound disturbance in some individuals and show no trace of effect 
on others, according to the power of resistance of the nervous system 
in each case. Exactly the same difference is observed also in dogs, 
which show a great variation in regard to the production of patholo- 
gical disturbances. We had dogs in which one of the most efficacious 
methods of evoking nervous disturbances, namely, a direct transition 
from an inhibitory to an excitatory rate of stimulation of the same 
place of the skin, failed to produce the slightest effect after a great 
number of repetitions on many days. In others disturbance occurred 
eventually after many repetitions, while in some it was produced 
by a single juxtaposition of the stimuli. In the same manner the 
great flood, which, as was mentioned previously, led to a profound 
disturbance, obviously analogous to traumatic neurosis in man, 
produced this effect only in some of the dogs, namely, those of 
an extremely inhibitable type. à 

It has been seen that the above-mentioned method may lead to 
different forms of disturbance, depending on the type of nervous 
system of the animal. In dogs with the more resistant nervous 
system it leads to a predominance of excitation ? in dogs with the 
less resistant nervous system, to a predominance of inhibition. So 
far as can be judged on the basis of casual observation I believe that 
these two variations in the pathological disturbance of the cortical 
activity in animals are comparable to the two forms of neurosis in 
man—in the pre-Freudian serminology neurasthenta and hysieria— 
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the first with exaggeration of the excitatory and weakness of the 
inhibitory process, the second with a predominance of the inhibitory 
and weakness of the excitatory process. There are grounds for 
considering the first type as having a more resistant nervous system 
which (at least in some cases) is able to perform a large amount of 
coordinated activity, while the weaker type of nervous system is 
quite incapable of adaptation to the ordinary conditions of life. 
The first type also goes through periods of weakness, and this can 
easily be understood, since for the most part such individuals are 
continuously excited, active, profligate of nervous activity—and 
the nervous exhaustion must, of course, be made good. This type 
may be regarded as having a longer period in the sequence of activity 
and rest of the nervous system as compared with the normally 
balanced brain, the periods of excitation and inhibition being more 
accentuated. Though the second type may exhibit violent attacks 
of excitation this doesnot imply greater vigour of their nervous system : 
the excitation is generally without aim and without result—so to 
speak, crudely mechanical. In the observations made on dogs we 
obtained, I believe, some indication as to the origin and character 
of this excitation. We had one dog [experiments of Dr. Frolov] of 
a very inhibitable type, or, as it would be more commonly described, 
a very cowardly and submissive animal. This animal served for 
experiments upon gastric secretion, and in the course of the experi- 
ments it had to remain in the stand for many hours in succession. 
It never went to sleep while in the stand: though remaining very 
quiet it preserved a fully alert posture, only moving slightly and 
sometimes carefully shifting its legs. This state of the animal was 
not semi-cataleptic, since it invariably responded to the call of its 
name. When it was taken from the stand and freed from the loops 
and leash, this dog invariably entered into astonishing fits of ex- 
citation, howling, throwing itself vigorously about, sometimes 
upsetting the stand and falling off the table. This excitation (which 
by the way was not caused by desire for micturition or defaecation) 
could not be stopped in any way, whether by shouting, petting or 
by striking the animal, which became absolutely unrecognizable. 
A few minutes of exercise in the yard restored it to its normal state, 
the animal leading the way of itself into the experimental room, 
jumping up on the stand and again standing motionless. The same 
behaviour was sometimes observed in other dogs, but never in so 
exaggerated a form. These wild attacks of excitation may possibly 
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be regarded as a brief outburst of positive induction following a 
prolonged and intense inhibition. A similar explanation may also 
be suggestcd for the fits of excitation in neurosis of the second type 
in which the inhibitory tendency prevails. The possible partici- 
pation of another cause also is suggested by experiments [by Dr. 
Podkopaev] on another dog. This dog was a quiet animal with a 
well-balanced nervous system, not very alert, which did not jump 
into the stand of itself, but when placed in the stand stood quietly 
and never slept. The positive and negative conditioned reflexes 
were very constant and precise. The dog had several conditioned 
reflexes established to stimulation of places along one side of the 
body, a stimulus on a definite place on the hind leg being a positive 
alimentary stimulus and all the rest negative. All these reflexes 
had developed rapidly and were very precise. During the application 
of the tactile stimuli the animal had always remained quiet, not 
making any local or general movements ; even the positive motor 
alimentary reaction was very weak, and the dog was slow in taking 
the food. The development of the negative reflexes had been begun 
at the front paw—the most remote from the positive place. Suddenly 
and quite unexpectedly the stimulation of the front paw began to 
be accompanied by a motor reaction in the form of rapid twitching 
of the stimulated extremity. Sometimes the twitching assumed the 
rhythm of the tactile stimulus. Such local motor reactions began: 
now to appear on the successive stimulation of other inhibitory places 
in closer and closer proximity to the place of positive significance, 
the reaction at the same time becoming more vigorous, more extensive 
and involving all extremities. The head and neck, however, re- 
mained motionless, not participating in the activity of the extremities. 
Salivary secretion was of course absent. When, however, the place 
on the thigh nearest to the positive one was now also made positive 
the motor reaction to the stimulation of this place vanished 
entirely. The same happened also to the motor reaction for other 
places when they were transformed from negative into positive ones 
—with the exception only of the two most remote places which, though 
acquiring the positive secretory effect, continued té evoke the local 
motor reaction in a much weakened form. The fact that this phe- 
nomenon made its appearance not during the establishment, but 
only after the complete development, of the differentiation—this and 
its localized form make it probable that the disturbance was of spinal 
origin, occurring on account of @ partial functional disconnection of 
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the cortical cutaneous analyser from the lower centres. A similar 
explanation may be advanced for analogous cases in man. 

We have a number of further observations which recall some 
more or less well-known forms of nervous disturbance in man. I 
shall remind you of the dog [experiments of Dr. Rickman (p. 302)] 
which was brought into a state in which it could not withstand any 
strong conditioned stimuli—immediately entering into an inhibitory 
state so that a conditioned activity could be elicited only by the use 
of very weak stimuli. It is permissible to draw a parallel, of course 
only as regards the mechanism, between the case of this dog and the 
cases of many years of sleep in human patients—for example, of a 
young girl described by Pierre Janet and of an adult man as observed 
in one of the Petrograd hospitals for nervous disorders. The patients 
in both cases were lying in a continuous sleep, entirely motionless, 
did not speak a word and had to be fed artificially and kept clean. 
Only during the stillness of the night, when the daily bustle of life 
with its strong and varied stimuli quieted down, had the patients 
a chance of exhibiting some activity. The patient of Pierre Janet 
was observed to eat and even write during the night. It was reported 
of the Petrograd case that sometimes during the night he got out of 
bed. When this patient, at the age of 60, after nearly twenty years 
of continuous sleep, began to improve and could speak, he recounted 
-that he often heard and saw everything occurring around him, but 
had no strength either to move or to speak. Both these cases 
obviously presented an extreme weakening of the nervous system— 
especially of the cortex—which quickly led under the influence of 
any strong stimuli to a development of complete inhibition, i.e. sleep. 

In the same dog we observed also another symptom of pathological 
nervous activity which has often been described, in the neuro- 
pathological literature, for man. This dog had a narrowly localized 
ciironic functional lesion of the cortical part of the acoustic analyser, 
any stimulation of the deranged part of the analyser by an appropriate 
agent leading to inhibition of the entire cortex. We are aware i 
many states of the nervous system in man in which a perfectly 
normal activity can be maintained only so long as the man is not 
affected by any, sometimes almost a negligible, component—even 
the remotest hint—of those strong stimuli which originally evoked 
the nervous disturbance. 

Finally, I want to remind you of the case, described in the nine- 
teenth lecture, of periodical visual illusion in one of our dogs (p. 327). 
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This was probably duc to distortion of the effect upon the cortex 
of the external visual stimuli by local, internal stimuli originating 
in the extending scar. Many similar cases of illusions in man are 
probably due to the interference of similar cortical stimuli of internal 
local origin. 

Though our research abounds in cases of pathological disturbances 
which are comparable to those observed in man, I do not feel either 
safe or justified in proceeding in my comparison beyond the above 
observations, and these should not be taken as in any sense explaining 
the incaleulably complex symptoms observed in man, but only as 
showing that a comparison of a general nature can even now be 
made. Similar comparisons between experimental animals and man 
can be made also in respect to therapeutic measures—general and 
pharmacological. It has been stated already that rest and inter- 
ruption of experiments in many cases helped in the restoration of 
normal conditions. Several interesting details must, however, be 
described. One of our dogs was brought into an extremely excitable 
state by a clash of the inhibitory with the excitatory process 
[experiments of Dr. Petrova]. All forms of inhibition were disturbed, 
all negative conditioned stimuli acquiring positive properties. 
On application of any of the conditioned stimuli—those formerly 
positive as well as those formerly negative—the animal entered into 
a state of pronounced excitation which, as generally happens, was 
accompanied by severe hyperpnoea. The disuse of negative condi- 
tioned reflexes did not improve the condition of the animal. Hyper- 
pnoea continued and the positive reflexes remained excessive. It 
was then resolved to use only those of the positive stimuli which 
were physiologically weak, i.e. the visual and tactile, and to discard 
the auditory, which as a rule in our experiments were strong. The 
beneficial result of this treatment was immediate. The animal 
became quiet, hyperpnoea disappeared and the magnitude of tht 
salivary effect returned to normal. After some time it became pos- 
sible gradually to introduce again the stronger positive stimuli 
without upsetting the result of the treatment. Furthermore, after 
several days a pre-established differentiation of thé tactile stimuli 
according to place (one of the easiest forms of internal inhibition) 
spontaneously reappeared in full vigour, and this without any signs 
of excitation on the part of the animal. This is an instructive case, 
showing how a diminution in the strength of stimuli affecting the 
hemispheres led to a dimimutign of the excessive excitability of the 


AP. 20 


. 


402 CONDITIONED REFLEXES 


cortical elements. Of course, in the treatment of neurotic conditions 
in the human subject similar therapeutic measures are very widely 
adopted. 

I shall describe also another case which seems to me very in- 
structive from the point of view of therapy. In this instance we are 
concerned with a dog which was entirely out of the ordinary run and 
which had an obviously abnormal reaction to cutaneous stimuli, a 
reaction associated with a strong excitation of the cortex [experiments 
of Dr. Prorokov (p. 183)]. On application of the usual tactile stimulus 
to the skin of the thigh the animal immediately began to wriggle 
its hind quarters, stamp its hind legs, throw up its head in a peculiar 
manner and make peculiar little noises, sometimes yawning. On 
administration of food and while it was being eaten the reaction 
disappeared. Contrary to our expectation the presence of this 
reaction did not in any way interfere with the development of a 
conditioned reflex to the tactile stimulus, a phenomenon which usually 
occurs in the presence of some extraneous motor reactions in animals, 
e.g. retraction of the extremities or local twitching of the platysma 
muscle. In the case under discussion, however, a conditioned reflex 
developed very quickly, and, what was quite exceptional, this tactile 
cutaneous salivary conditioned reflex was even stronger in intensity 
than the reflexes to the most powerful auditory stimuli. Similarly, 
the motor alimentary reaction—which usually replaced the peculiar 
special reaction somewhere towards the middle of the isolated action 
of the cutaneous conditioned stimulus—was considerably stronger 
than the motor reaction observed with any other conditioned stimulus. 
Furthermore, the usual period of “ alimentary ” excitation observed 
as an after-effect following reinforcement with food was the most 
intense and the most prolonged in the case of the tactile cutaneous 
stimulus. In the experiments in which the tactile stimulus was used 
the dog showed signs of a general excitation : at the slightest sound 
from the experimenter’s room the animal immediately responded 
by the peculiar motor reaction. Obviously the tactile cutaneous 
stimulation in this dog brought about a vigorous and widely 
irradiated excitation in the cortex. The nature of this excitation 
remained, however, unknown. It did not seem to be associated 
with any sexual reflexes since it was not accompanied by erection 
of the penis. It seemed to be something like the common reaction 
to tickling. At any rate it was a sufficiently interesting nervous 
phenomenon to study, and we determined to overcome it. For 
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this purpose we began to develop internal inhibition in the form of 
differentiation of tactile stimuli according to their place of applica- 
tion. On account of initial generalization the application of the 
tactile stimulus to the shoulder gave some conditioned secretion, 
and this also was accompanied by the special motor reaction. On 
repetition of the stimulus without reinforcement the motor and the 
salivary components of the conditioned reflex disappeared (8 repeti- 
tions), and this was followed by the disappearance of the special 
motor reaction (40 repetitions). The stimulation of the place on 
the thigh continued, however, to evoke the special motor, and the 
alimentary motor, reaction in succession. A differentiation was now 
developed to stimulation of a place on the side of the animal nearer 
to the thigh. The different stages repeated themselves in the same 
way as for stimulation on the shoulder, but again the special reaction 
to stimulation of the thigh did not diminish. Finally a differentiation 
was developed to a tactile stimulation on the hind paw, and now the 
special motor reaction in response to the stimulation on the thigh 
first began to weaken, and then disappeared altogether. At the same 
time the strength of the salivary reflex to the tactile stimulus took 
up its usual position in the series of conditioned reflexes as regards 
the relative strengths of the stimuli producing them, falling from 
its predominant place to a position below the conditioned reflexes 
to auditory stimuli. 

In this manner we see that the development of several 
inhibitory areas» in the cortical part of the cutaneous analyser 
abolished the special cutaneous reflex, at the same time preserving, 
and even rendering normal, the alimentary cutaneous conditioned 
reflex. 

This example and other observations suggest that a gradual 
development of internal inhibition in the cortex should be used for 
re-establishment of the balance of normal conditions in cases of ai 
unbalanced nervous system. The method is being used at present 
on the dog, described in the eighteenth lecture, which had a narrowly 
localized functional injury of the acoustic analyser. Since this 
region was specially related to the beating of a metronome we resolved 
to develop a differential inhibition of other auditory stimuli related 
to normal areas of the acoustic analyser. We hope that irradiation 
of the inhibition to the defective metronome-point will have a 
beneficial effect, restoring this point to its normal excitability and 
normal activity. I do not know whether similar therapeutic measures 
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(not counting of course general sedatives such as hot baths) are 
applied in human neurotherapy. 

We shall now attempt a discussion of borderline states of the 
nervous system in our dogs, states merging from a normal into a 
pathological character which, on the analogy of corresponding human 
states, should in some instances be described as psycho-pathological. 
These are different hypnotic phases, such as the transition phases 
between the alert state and sleep, and the passive defence reflex. 
We have seen in the sixteenth lecture that the transition of animals 
from the alert state into sleep is based upon the development in the 
brain of an inhibitory process which, under the influence of definite 
stimuli, is initiated in the cortex and reaches different stages of 
intensity and extensity during the different phases of the developing 
sleep. Undoubtedly, even at present, the observations made upon 
animals allow in part of a physiological interpretation of the funda- 
mental aspects of hypnotism in the human subject. 

We shall consider first the conditions under which hypnotic states 
develop. In animals, as we already know, they appear, as the result 
of monotonous stimuli of a small and medium intensity repeated for 
a long time (the most common case in our experiments), more or 
less gradually, while in the case of stimuli of a considerably greater 
intensity they appear quickly—a form of animal hypnotism which 
has been known fora very long time. The stimuli directly initiating 
these states, both weak and strong, can also be signalled by any 
other stimuli which have conditioned properties in respect to the 
first. In this connection the special mode of formation of conditioned 
reflexes described in the sixth lecture will be remembered where the 
neutral stimulus repeated several times in conjunction with the 
pre-established inhibitory stimulus acquired inhibitory properties 
of its own [experiments by Dr. Volborth (p. 106)]. The method of 
‘ihducing hypnosis in man involves conditions entirely analogous 
to those which produced it in our dogs. The classical method con- 
sisted in the performance of so-called “ passes ”—weak, monotonously 
repeated tactile and visual stimuli, just as in our experiments upon 
animals. At present the more usual method consists in the repetition 
of some form of words, describing sleep, articulated in a flat and 
monotonous tone of voice. Such words are, of course, conditioned 
stimuli which have become associated with the state of sleep. In 
this manner any stimulus which has coincided several times with 
the development of sleep can now by itself initiate sleep or a 
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hypnotic state. The mechanism is analogous to the inhibitory 
chain reflexes, which are similar to the positive conditioned 
chain reflexes, i.e. reflexes of different orders which have been 
described in the third lecture [experiments of Dr. Volborth]. Finally, 
hypnosis in the case of hysteria (in the sense of Charcot) can be 
obtained by the application of strong and unexpected stimuli, as 
in the old method of initiating hypnosis in animals. It is obvious 
that in this respect physiologically weak stimuli may act in the same 
manner if, on account of a coincidence in time, they have acquired 
signalling properties in respect to the strong ones. Most of the 
procedures producing hypnosis become more and more effective the 
more frequently they are repeated. 

One of the first expressions of hypnosis in man is the loss of 
so-called voluntary movements and the development of a cataleptic 
state, 7.e. maintenance by different parts of the body of the position 
given to them by external forces. This may best be regarded as an 
isolated inhibition of the motor analyser which has not descended 
to the sub-cortical motor centres. Other areas of the cortex may 
continue to function quite normally. A man in a state of hypnosis 
may understand what we tell him, may realize what kind of unnatural 
posture we have given him and may attempt to change it, but is 
incapable of doing so. The outward signs of the hypnotic state are 
similar in men and animals. It has already been described in the ' 
sixteenth lecture how some animals retain their alert posture 
while all conditioned reflex activity disappears—obviously a case 
of inhibition of the entire cortex without descent of the inhibition 
into sub-cortical regions. Other dogs continuc to react to all the 
conditioned stimuli by the secretory component of the reflex only, 
exhibiting no motor reaction and not touching the food—obviously 
a case of an isolated inhibition of the motor analyser. Finally, in 
animals hypnotized by the old method it could often be observed 
that the body and extremities remained motionless while the animal 
yet continued to follow everything with its eyes, and even accepted 
the food. This is obviously a case of a still more localized inhibition 
within the motor analyser. The local “ tonic ” (i.e. spinal flexor 
and extensor) reflexes, which are observed in man and animals in 
some cases, become understandable only if we postulate complete 
inhibition of the motor analyser of the cortex. 

When we come to deal with more complicated forms of the 
hypnotic state, it obviously bésomes, for several reasons, difficult, or 
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even impossible, to draw a ‘parallel between man and animals. As 
already stated, we know only a few of the phases of the hypnotic 
state, especially as regards their relative intensity, and we have no 
definite idea as to the sequence of their devclopment. We are not 
familiar with the manner in which these phases manifest themselves 
under natural conditions of life in animals, since the transition 
phases were observed not in the natural individual and social sphere 
of life, but only in the restricted sphere of a laboratory environment. 
In man, however, we become familiar with these phenomena under 
more normal conditions of life and we can evoke and investigate 
them with the help of the most valuable signalling medium— 
speech. Of course, on account of the extraordinary complexity of 
the behaviour of man as compared with the higher animals, the 
latter may not exhibit some of the phases of the hypnotic state seen 
in man at all. It is, therefore, only those crude and elementary 
results obtained in the animal which can be used for an attempt at 
a physiological interpretation of the different hypnotic phases in 
man. Let us consider the automatism of the hypnotized subject 
who repeats in a stereotyped fashion the movements of the hypnotist, 
being able to perform even difficult movements such as balancing 
along a difficult path. Obviously we deal with a certain degree of 
inhibition of some parts of the cortex—a state in which the more 
complicated forms of normal activity are excluded and replaced by 
responsiveness to immediate stimuli. This partial inhibition allows 
of or even favours the establishment and reinforcement of the physio- 
logical connections between certain stimuli and certain activities, 
e.g. movements. In this manner, in hypnosis all activities based on 
“ imitation” are accentuated and we see revealed the long-sub- 
merged reflex which in all of us in childhood forms and develops the 
complicated individual and social behaviour. Similarly, some change 
in the environment, which in former days had repeatedly evoked 
certain movements affecting certain analysers, in hypnosis calls 
forth without fail and in a stereotyped manner the old response. It 
is a common occurrence that, being predominantly preoccupied with 
some one activity, we can simultaneously perform some other 
activity which has long been practised, i.e. those parts of the cortex 
involved in this older response, although in a state of partial 
inhibition through negative induction, still continue to function in 
a normal manner. That this interpretation is somewhere near the 
mark I become more and more convinced, through observing the 
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diminution in the reactivity of my own brain through my advancing 
age (my diminished memory of recent events). Moreover, with time 
I progressively lose the faculty, when husy with one activity, of 
performing correctly another also. Apparently the concentrated 
excitation of some definite point induces, on account of diminished 
excitability of the cortex, such a strong inhibition of the rest of the 
cortex that even the conditioned stimuli of the old firmly established 
reflexes are now below the threshold for excitation. The above 
described phase of hypnosis in the human subject may perhaps be 
compared with what I have termed the narcotic phase of transition 
in dogs, when strong and old reflexes persist while the more recent 
ones disappear. 

Among the various aspects of the hypnotic state in man attention 
may be drawn to “suggestion” so-called and its physiological 
interpretation. Obviously for man speech provides conditioned 
stimuli which are just as real as any other stimuli. At the same time 
speech provides stimuli which exceed in richness and many-sidedness 
any of the others, allowing comparison neither qualitatively nor 
quantitatively with any conditioned stimuli which are possible in 
animals. Speech, on account of the whole preceding life of the adult, 
is connected up with all the internal and external stimuli which can 
reach the cortex, signalling all of them and replacing all of them, 
and therefore it can call forth all those reactions of the organism, 
which are normally determined by the actual stimuli themselves. 
We can, therefore, regard “ suggestion ” as the most simple form of 
a typical conditioned reflex in man. The command of the hypnotist, 
in correspondence with the general iaw, concentrates the excitation 
in the cortex of the subject (which is in a condition of partial inhibi- 
tion) in some definite narrow region, at the same time intensifying 
(by negative induction) the inhibition in the rest of the cortex and 
so abolishing all competing effects of contemporary stimuli and of 
traces left by previously received ones. This accounts for tho large 
and practically insurmountable influence of suggestion as a stimulus 
during hypnosis as well as shortly after it. The command retains 
its effect after the termination of hypnosis, remaining independent 
of other stimuli, being impermeable to them, since at the time of 
primary introduction of the stimulus into the cortex it was prevented 
from establishing any connection with the rest of the cortex. The 
great number of stimuli which speech can replace explains the fact 
that we can suggest to a hypnotized subject so many different 
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activities, and influence and direct the activities of his brain. 
It could be questioned why does suggestion carry in itself such a 
commanding influence as compared with dreams, which are usually 
forgotten and only have a very small vital significance ? But dreams 
are due to traces, generally of very old stimuli, while suggestion is 
a powerful and immediate stimulus. Moreover, hypnosis depends 
upon a smaller intensity of inhibition than sleep. Suggestion, 
therefore, is doubly effective. Still further, suggestion as a stimulus 
is brief, isolated and complete, and therefore vigorous, while dreams 
are generally linked up into chains of various, sometimes inconsistent 
or antagonistic, traces of stimuli. The fact that it is possible to sug- 
gest to a hypnotized subject almost anything, however little it may 
correspond to the physical reality, and to evoke a reaction in opposi- 
tion to the actual reality—for example, the reaction appropriate 
to a bitter taste when the reality is a sweet taste—this fact, I 
believe, can be compared with the fact observed in the paradoxical 
phase of transition in the dog, that weak stimuli have a greater 
effect than strong ones. The real stimulus from the sweet substance 
going directly to the corresponding cortical cells should be expected 
to be much stronger than the substituted verbal stimulus of “ bitter,” 
which goes through auditory cells to the chemical analyser of taste 
for bitter—just as a conditioned stimulus of the first order is always 
ctronger than one of the second order. The significance of the para- 
doxical phase is not limited to pathological states such as those 
previously observed, and it is highly probable that it plays an 
important part in normal men too, who often are apt to be much 
more influenced by words than by the actual facts of the surrounding 
reality. I hope to be able to produce a phenomenon in animals 
analogous to “ suggestion ” in man during hypnosis. 

The fact that certain phases of the hypnotic state in man remain 
môre or less stationary repeats itself in dogs. Similarly, under 
certain conditions and in dependence on the individual condition 
of the nervous system the hypnotic state in man, as in animals, passes 
more or less quickly into complete sleep. 

The passive defence reflex stands in a definite connection with 
the hypnotic state. As I suggested previously (p. 312) the old form 
of hypnosis in animals may be regarded with reason as a reaction 
of passive self-preservation, occurring when the animal meets with 
some very powerful or extraordinary external stimulus, and consisting 
in a more or less profound immobilization of the animal by means 
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of an inhibition, beginning in the cortical cells representative of all 
the skeletal muscles (motor analyser). This reflex was often observed 
in our experimental animals, of course in different degrees of intensity 
and in somewhat different forms, always, however, retaining its 
fundamental inhibitory character. The variations consisted in a 
smaller or greater diminution of the movements, in a smaller or 
greater weakening, or in the disappearance, of conditioned reflexes. 
The passive defence reflex was usually evoked by relatively un- 
familiar and powerful external stimuli. The relative strength of a 
stimulus will of course depend on the state of the given nervous 
system, on its inherent properties, the state of health or disease, 
and on different periods of life. Animals which have been employed 
many times in front of a large audience remain quite normal under 
such conditions, while those which are exposed for the first time 
enter into a state of powerful inhibition. The exceptional dog 
described before (p. 402) behaved towards even the slightest changes 
in the environment as if to strong stimuli, and its activities became 
deeply inhibited. Some of the dogs which passed through the 
extraordinary stimulus of the flood entered into a chronic patho- 
logical state and now became inhibited under the influence of strong 
conditioned stimuli, which previously had produced a specific con- 
ditioned effect. Finally, some other dogs become as easily inhibited 
but only in some definite phases of hypnosis. The following is a 
particularly striking case. A dog which under the conditions of our 
experiments remains fully alert accepts the food following the 
conditioned stimuli quickly and with avidity. By repeated applica- 
tion of weak conditioned stimuli a certain stage of hypnosis is 
induced in the animal, which soon becomes practically motionless. 
When a strong conditioned stimulus is now applied the animal first 
turns in the direction from which the food is administered, then 
turns away without touching it. To a casual observer the animal 
looks frightened. A weak conditioned stimulus is now applied and 
the animal immediately approaches the plate and quietly takes the 
food. On dispersing the hypnotic state all the conditioned stimuli 
again give their normal effect. Obviously in the special phase of 
hypnosis of the animal the old and usual stimuli now produce the 
effect of very strong ones, evoking an inhibitory reflex. In a similar 
manner, in our exceedingly inhibitable dog “ Brains ” as soon as 
the pitch of the excitability of the cortex was raised by the special 
method described on page 381, there was observed a considerable 
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weakening of the otherwise. almost continuous reflex of passive 
self-preservation. 

In all the cases which have just been described what is most 

striking is the extremely characteristic passive self-protective 
postures of the animal. When I recall a large number of experiments 
performed one after another and year after year it is hardly possible 
not to conclude that at least in most cases what is known in 
psychology under the names of “‘ fear,” “ cowardice ” or “ caution” 
has a physiological substrate in a state of inhibition of the nervous 
system, which varies in intensity and so produces different intensities 
of the reflex of passive self-protection. Developing these conceptions 
further we are bound to regard the obsession of fear, and different 
phobias as natural symptoms of inhibition in a pathological and 
weakened nervous system. There are, of course, certain forms of 
fear and cowardice, as for instance flight and panic, and certain 
postures of servility, which apparently do not conform with the 
idea of an underlying inhibitory process, having a much more active 
aspect. These types must, of course, be subjected to experimental 
analysis, but it is perhaps not impermissible to regard them 
provisionally as developing in co-operation with, and as a result of, 
inhibition of the cortex. We have even now a few observations 
which conform with this point of view. 
« I would like to turn briefly to the experiments described at the 
end of the preceding lecture. If on repeating them in different 
variations the preliminary results should find full confirmation, 
these results will throw some light upon one of the darkest points 
of our subjective seli—namely, upon the relations between the 
conscious and the unconscious. The experiments if confirmed will 
have demonstrated that such an important cortical function as 
synthesis (‘‘ association’) may take place even in those cortical 
aréas which are in a state of inhibition on account of the existence 
at that moment of a predominant focus of strong excitation. Though 
the actual synthesizing activity may not enter our field of conscious- 
ness the synthesis may nevertheless take place, and under favourable 
conditions it may enter the field of consciousness as a link already 
formed, seeming to originate spontaneously. 

In concluding this series of lectures I want to repeat that all the 
experiments, those of other workers as well as our own, which have 
set as their object a purely physiological interpretation of the activity 
of the higher nervous system, I regayd as being in the nature 
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only of a preliminary inquiry, which has however, I fully believe, 
entirely justified its inception. We have indisputably the right to 
claim that our investigation of this extraordinarily complex field 
has followed the right direction, and that, although not a near, 
nevertheless a complete, success awaits it. So far as we ourselves 
are concerned we can only say that at present we are confronted 
with many more problems than ever before. At first, not to lose 
sight of the main issue, we were compelled to simplify, and, so to 
speak, schematize the subject. At present, after having acquired 
some knowledge of its general principles, we feel surrounded, nay 
crushed, by the mass of details, all calling for elucidation. 
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inhibition proved, in the present case, to be the most advantageous. 
At the same time this investigation provided a striking illustration 
of the numerous advantages presenled by the cutaneous analyser 
with its extensive and easily accessible receptor surface. 

The experiment which revealed this new and important chapter 
in the physiology of the cerebral hemispheres was conducted by Dr. 
Krasnogorsky, to whom we owe several of the succeeding experi- 
ments. 

Five small apparatuses for tactile stimulation of the skin were 
arranged along the hind leg of the dog. The first was fixed over the 
paw, and the remaining four were spaced out up the leg at distances 
of 3,9, 15 and 22 oms. respectively from the first. Stimulation over 
the paw was given the properties of an inhibitory stimulus, while 
stimulations at the four upper places were given positive conditioned 
properties. This effect was obtained by the usual method of experi- 
mental differentiation. That is to say, a positive conditioned 
alimentary stimulus was established first of all to a tactile stimula- 
tion of one of the four upper places ; on account of the initial generali- 
sation of the reflex, all the other places as well became spontaneously 
more or less effective upon stimulation. The positive conditioned 
effect of stimulation of the four upper places on the animal’s leg was 
equalized by reinforcement with food, while by the method of contrast 
the stimulation over the paw, which was given always without rein- 
forcement, lost all its positive conditioned properties and acquired 
inhibitory ones. e In the experiments given below the conditioned 
stimulus was applied in every case during 30 seconds. The place on 
the skin which was stimulated is indicated by a number: 0 repre- 
sents the inhibitory place ; 1, 2, 3, 4 represent the positive places 
taken in order. The number of the positive place is accompanied 
by a figure giving its distance from the inhibitory place. 

It is seen from the table (p. 154) that stimulation of each of the 
three places 4, 3, and 1 produced in the beginning identical positive 
conditioned effects, measured by 5 drops of salivary secretion during 
30 seconds. The four places 1, 2, 3 and 4 were now separately 
tested at an interval of exactly one minute after the last of three 
successive applications of the inhibitory stimulus. The stimulation 
of place 1, nearest to the inhibitory place, was at the first test 
absolutely ineffective, and at the second test its effect was barely 
distinguishable (less than one drop). The stimulation of place 2, 
next in distance from the inhibitory place, gave only half its normal 
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positive conditioned effect, but the stimulation of the remaining 
places (3 and 4) gave a full or even an inercased positive effect. 
The significance of this experiment is clear. The different sensory 
places on the skin must be regarded as projecting themsclves upon 





‘Time-interval | Seerction of 
between separate | Place of stimulation Saliva in 
stimuli drops during 
30 seconds 
— 4 (22 cms.) 5 
10 minutes 3 (15 cms) 5 
10 - 1 (3 cms.) 5 
10 j 0 0 
l os 0 0 
1 » 0 0 
1 ý 1 (3 cms.) 0 
10s, 0 0 
1» 0 0 
1 » 0 0 
Te > 2 (9 cms.) 3 
10 5 0 0 
l a» 0 0 
l » 0 0 
1 » 3 (15 cms.) 6 
10 » 0 Trace 
l a» 0 0 
1 a 0 0 
1 ji 4 (22 cms.) 7 
10 a 0 0 
1 5 0 at) 
1. 0 0 
1 ss 1 (3 cms.) Trace 
10 5 0 0 
1 » 0 0 
1 ” 0 R 0 
1 » 2 (9 cms.) 3 
10 55 0 0 
1 » 0 0 
1 ss 0 0 
1 7 4 (22 cms.) 5 


corresponding areas in the cortex of the hemispheres. Therefore it 
is reasonable to suppose that the inhibitory process initiated in a 
definite point of the cortex by the tactile stimulation of the inhibi- 
tory place irradiates into the surrounding region, giving a smaller 
inhibitory effect with increase of distance from the inhibitory point 
and becoming indistinguishable at the more distant points. 
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A different intensity of the inhibitory process can be produced, 
either by varying the number of successive applications of the 
inhibitory stimulus, of which the after-effects are summated, or 
by varying the interval between the last inhibitory stimulus and 
the application of the positive stimulus. In either case different 
figures are obtained for the salivary reflex, but their gencral 
significance remains the same. This is shown in the following 
experiment : 

















Interval of time Secretion of 
between separate | Place of stimulation Saliva mn 
stimuli drops during . 


30 seconds 


— 1 (3 cms) 7 
10 minutes 4 (22 cms.) 6 
10 5 2 (9 cms.) 6 
10 a 0 1 
4 minute 0 0 
4 » 0 1 
4 »” 0 0 
4 is 4 (22 ems.) 3 


The inhibitory after-effect was tested in this experiment after a 
shorter time (} minute), and after four applications of the inhibitory 
stimulus instead of three; under these conditions a considerable 
inhibitory influence was exerted even upon the positive place 4, 
which in the previous experiment when tested one minute after 
three successive applications of the inhibitory stimulus gave a full 
reflex. 

If the various positive stimuli are applied in one and the same 
experiment at «different times after the last inhibitory stimulus, it 
can clearly be brought out how the initially widely irradiated inhibi- 
tion gradually frees from its aftcr-effect first the remoter areas, and 
subsequently those areas nearer to the cortical point in which the 
inhibition arose primarily. An example of such an experiment is 
given in the table shown on p. 156. 

It is thus seen that the furthest place (4) was free of inhibition 
after half a minute, place 2 after five minutes, and place 1 after ten 
minutes. 

The more frequently the differentiation is exercised in the course 
of days or weeks, the more rapidly are the more remote places freed 
from the inhibitory after-effect, a fact which is sometimes exhibited 
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in the course of a single experiment after the positive and negative 
stimuli have been repeated several times. 

It is worthy of note that experiments upon the irradiation of 
inhibition have been successfully demonstrated on numerous occa- 
sions without serious interference by the presence of a stranger with 
the experimenter in the animal’s room, and have even been carried 
out successfully at crowded meetings of the Petrograd Medical 
Society. 


| 
Interval of Secretion of 


time between Place of stimulation Saliva in 
separate stimuli drops during 
in minutes 30 seconds 

— 1 (3 cms.) 7 

10 0 0 

1 0 0 

4 4 (22 cms.) 4 

10 0 0 

1 0 0 

$ 4 (22 cms.) 8 

10 0 0 

1 0 0 

1 1 (3 cms.) 2 

10 0 0 

1 0 0 

5 1 (3 oms.) 3 

10 0 0 

1 0 i 0 

10 1 (3 cms.) “8 

10 0 0 

1 0 0 

1 2 (9 cms.) 3 

10 0 0 

1 0 0 

5 2 (9 cms.) 8 


We have now to inquire into the nature of the recession of 
inhibition from those cortical points into which it was irradiated. 
Does this represent a destruction or waning of the inhibition in these 
places, or is it some kind of return or active concentration of the 
inhibition to its starting-point due to some antagonistic process ? 
In face of the constant fact that strengthening of differentiation by 
repeated contrasts is accompanied by a corresponding shortening of 
the duration and extent of irradiation of the inhibitory after-effect, 
we are naturally more inclined to accept the second hypothesis, 
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to the primary extinction. Otherwisc, instead of the ecxtinctive 
inhibition--from which the primarily extinguished reflex frees itself 
in a few minutes, or at the most 1-2 hours—there would have 
developed a differentiation with its very stable and lasting form of 
internal inhibition. 

An example of an experiment such as has just been described is 
given in the following table : 


Interval of Secretion of 








Place to which time between Saliva in Pereentage 
Date conditioned stimulus zero of drops during o 
| was applied extinction and | jat, Fond, and | inhibition 
stimulation of | 3rd minutes 
Fe ee new place 
| Dog No. 1. 
10th Nov. | Left shoulder (place 9,2,1 
1913 primarily extin- 2,0,1 
guished) 5, 1,0 
1,0, 0 
0 
Left side of chest 1 minute 1,-- 84. 
llth Nov. | Left shoulder (place 9,1,0 
1913 primarily extin- 3,0,1 
guished) 2,0,0 
1,0,0 
0 
Left thigh 1 minute 8,-- 12 . 
Dog No. 2. u 
17th Oct. | Left side of neck 10, 2, 0 
1913 (place primarily 3,0,0 
extinguished) 2,0,0 
1,0,0 
0 
Left shoulder 3 minutes 0,-- 100 
18th Oct. | Left side of neck 9, 3,1 
1913 (place primarily 4,1,0 
extinguished) 1,0,0 
0 
Left thigh 3 minutes §,-- 45 


It is plain that, the further away on the skin the secondarily 
inhibited place is from the place which undergoes the primary 
inhibition, the weaker is the irradiated inhibitory after-effect. 

If the stimulation is applied to one definite place at different 
intervals of time after the reflex has been extinguished to zero at 
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another place, the greater this interval the weaker is the inhibition 
in the secondarily extinguished place. This is borne out by the 
following experiments. 








Interval of Seeretion of 
Place to which time between Salivain | Percentage 
Date conditioned stimulus zero of drops during of 
was applied extinction and | Ist, 2nd, and | inhibition 
stimulation of | 3rd minutes 
new place 
Dog No. 1. 
18th Nov. | Left fore limb (place 9, 2,0 
1913 primarily extin- 3,0, 1 
guished) 1, 0,0 
0 
Left side of abdomen| 60 seconds 8,-- 12 
2lst Nov. | Left fore limb (place 9,2,1 
1913 primarily extin- 3, 0,1 
guished) 3, 0, 0 
1, 0, 0 
0 
Left side of abdomen| 30 seconds 4,-- 56 
20th Noy. | Left fore limb (place 10, 2,1 
1913 primarily extin- 4,0, 1 
guished) 3, 0,1 
0 
Left side of abdomen} 15 seconds 2,-- 80 
Dog No. 2. 
28th Nov. | Left thigh (place 10, 4,1 
1913 primarily extin- 4,1,0 
guished) 1, 0, 0 
0 
Left scapula 15 minutes 9,-- 10 
29th Nov. | Left thigh (place 9, 2,0 
1913 primarily extin- 2,0, 0 
guished) 1,1,0 
0 
Left scapula 7 minutes 4,-- 56 
30th Nov. | Left thigh (place 8, 1,0 
1913 primarily extin- 2, 0,0 
guished) 2,0,0 
0 
Left scapula 2 minutes 0,-- 100 





It is obvious that in this experiment we deal again with the 
concentration of inhibition, the inhibition being gradually withdrawn 
from the periphery of its irradiation and concentrated at its 


160 CONDITIONED REFLEXES 


initial point. Further, it becomes evident that the rate at which 
the inhibition is withdrawn from the places undergoing secondary 
inhibition varies very considerably with individual dogs, so that, 
for example, a process which occupies only one minute in dog No. 1 
requires fifteen minutes in dog No. 2. This, of course, is a fact of 
considerable importance, since it gives a numerical expression to 
one of the most intimate sides of the highest nervous activity. That 
these individual differences in the three animals were not accidental 
is shown by the fact that they remained constant during many 
months in which the experiments proceeded. 

In the experiments of Dr. Kogan it was possible to observe also 
the progress of the spreading of the inhibitory after-effect. I shall 
give the actual experiments in which the degree of secondary inhibi- 
tion corresponding to the different places of the skin was determined 
immediately after complete primary extinction had been obtained : 


Dog No. 2. 
Seeretion of 
2 Place at which Saliva in Percentage 
Date conditioned stimulus was drops during of 
applied lst, 2nd, and | inhibition 
3rd minutes 
25th Jan. Right side of chest 12,1, 4 
1914 s 0,0 
Right hind paw 114,- — 4 
25th Jan. | Right side of chest 134, 14, 4 
1914 0 
Adjacent place 0,-- 100 
26th Jan. Right side of chest 12, 14,4 
1914 0 
At a distance of 1 cm. 0,-- 100 
26th Jan. Right side of chest 14, 2, 24 
1914 6,2,4 
0 
Right hind paw 18, -- 7 
4th Feb. Left side of chest 12, 2,0 
1914 0 
Left front paw 114, -- 4 
5th Feb. Left side of chest ? 1,0 
1914 
Left scapula 3}, -- 64 


A comparison of these results with those of the preceding experi- 
ment on the same dog shows clearly that immediately after the full 
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development of inhibition for the primarily extinguished place, a 
complete sccondary inhibition is obtained only for adjacent places, 
the inhibitory after-effect being absent or hardly distinguishable for 
places more remote. 

It is interesting to note that in the three dogs employed in these 
experiments the effect of stimulating the remoter places immediately 
after the primary inhibition had been produced varied considerably. 
In dog No. 1 not only was the reflex to stimulation of the remoter 
place not inhibited, but it even produced a considerably enhancéd 
positive effect, whereas dog No. 3 under similar conditions revealed 
a considerable degree of secondary inhibition. This fact, which 
was frequently observed in the experiments both of Dr. Krasnogorsky 
and Dr. Kogan, and which will form the subject of more detailed 
discussion in the eleventh lecture, is well illustrated in the following 
experiments : 


| Seeretion of ! 


Piace at which Saliva in | Change in 
Date conditioned stimulus was drops during strength 
applied lst, 2nd, and | of reflex 
3rd minutes 
Dog No. 1. 
28th Jan. Left side of chest 84, 14, 4 
1914 0 
At a distance of 3 cm. 3,- - -92% 
6th Feb. Right shank 9, 4,1 
1914 ó 34,1, 0 
0 
Right shoulder 143,- - | +60% 
| 
Dog No. 3. 
5th Feb. Left hind paw 103, 2, 4 
1914 0 
Left fore leg 6, - - -43% 
llth Feb. | Left shank 104, 2, 0 ! 
1914 0 
Left thigh 6, - - ~ 100% 


In addition to the foregoing, Dr. Kogan made a considerable 
number of observations which illustrate in detail the length of time 
occupied in his three dogs by the phases of irradiation and concentra- 
tion of inhibition in the tactile cutaneous analyser. These observa- 
tions show that in the case of dog No. 1 the phase of irradiation of 
inhibition occupied about twenty seconds, while the concentration 
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during 30 seconds. The following table summarizes the series of 
experiments on this animal : 


Percentage of inhibition observed at 


Number of the place different intervals of time 























stimulated 
0” | 15” | 307 | 45” | 6o | 120° | 180” 
2 i 30 i 54 | 299 | 19 | 10 
1 P 45 66 39 | 22 | 13 
0 (place primarily 
inhibited) 9) 15 50 | 37 | 17 
3 52 | 58 | 69 | 57 | 45 | 34 | 38 
4 37 65 39 22 13 
5 27 57 23 | 17 1 1 
6 19 | 26 | 31 | 22 | 20 | 10 | 7 








The first vertical column gives the number of the places stimu- 
lated ; the succeeding vertical columns indicate the magnitude of 
inhibitory after-effect corresponding to these places. The upper hori- 
zontal row gives the length of the interval from the end of theinhibitory 
stimulus to the beginning of the stimulation of any given place. 

It is thus seen that in the case of conditioned inhibition the 
inhibitory process initiated at a definite point spreads over the whole 
analyser, diminishing in intensity with distance from the primarily 
inhibited place, and reaching its maximum strength for the whole 
analyser only by the end of a pcriod of 30 scconds ; after this the 
inhibitory process undergoes a gradual diminution—again simul- 
taneously over the whole analyser. The only exception which must 
be made to this general rule is that at the place which is subjected 
to the primary inhibition the intensity of the inhibitory after-effect 
does not increase gradually, but is maximal from the start. 

Of course, in these experiments also it was essential to take most 
rigid precautions to avoid casual extrancous stimuli, since these would 
invariably exert a disturbing influence causing sometimes inhibition 
of the positive reflexes and sometimes dis-inhibition. Dr. Anrep’s 
experiments were, however, performed in our special laboratory. 

The three series of experiments, upon the movement of dif- 
ferential inhibition, experimental extinction and conditioned inhibi- 
tion, all clearly demonstrate that the inhibition first spreads from 
its point of initiation over the whole analyser and then gradually 
recedes. The details of this process, however, are seen to differ 
considerably according to the type of internal inhibition. In Dr. 
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Krasnogorsky’s experiments on differential inhibition the irradiation 
of inhibition occurs instantaneously, and the inhibitory after-cffect 
attains its maximum after a zero interval: it is only the concentra- 
tion of inhibition in this case which proceeds in a measurable interval 
of time. In Dr. Kogan’s experiments with extinctive inhibition the 
irradiation of inhibition was progressive, and the nearer places under- 
went the maximum secondary inhibition much sooner than the more 
remote places. The phase of concentration in the extinctive inhibi- 
tion, however, was four to five times longer in duration than the 
phase of irradiation. It is possible that this difference of rate 
between the irradiation of these two forms of inhibition depends 
upon the intensity of inhibition developed. Dr. Krasnogorsky 
usually repeated the primary inhibitory stimulus several times, 
regardless of the fact that it produced its full effect at once, while 
Dr. Kogan confined himself to the first zero. The differences in the 
case of conditioned inhibition are much more complicated and 
important. Dr. Anrep showed that the conditioned inhibition, like 
the differential inhibition in Dr. Krasnogorsky’s experiments, 
irradiated simultaneously, although in a varying degree, over the 
entire analyser ; after this, in contradistinction from Dr. Krasno- 
gorsky’s results, the inhibition increased gradually up to a certain 
maximum strength during a definite period, and at all places simul- 
taneously. The gradual diminution in intensity of the inhibition 
also occurred simultaneously over the entire analyser. Thus con- 
ditioned inhibition differs from differential inkibition and from 
experimental extinction in that the entire analyser simultaneously 
reveals, though in different degrees, an inhibitory after-effect; an 
actual progression or regression of the maximum inhibitory after- 
effect cannot be observed. 

The experiments by Dr. Anrep embrace in detail the following 
phenomenon, already indicated in part by some previous workers. 
He observed that both positive and negative conditioned reflexes 
established to tactile stimulation of different places on one side of 
the body are reproduced spontaneously and with extreme accuracy to 
tactile stimulation of the corresponding places on the other side. The 
irradiation and concentration of the inhibitory after-effect once ini- 
tiated on one side, correspondingly and equally involves the other side. 
This interesting fact will be discussed further on in these lectures. 

A series of experiments analogous to those carried out on the 
irradiation of inhibition over the cutaneous analyser were conducted 


IRRADIATION AND CONCENTRATION 165 


with the acoustic aualyser, and these also confirmed the hypothesis 
that the peripheral end of the analyser can be regarded as projected 
geometrically upon the cortex of the hemispheres. In these experi- 
ments different musical tones, the beat of a metronome, and a 
hissing sound served as conditioned stimuli [experiments of Drs. 
Manuilov and Ivanov-Smolensky]. The reflex to one of these 
conditioned stimuli was subjected to primary experimental extinc- 
tion, and the effect upon the reflexcs to the remaining stimuli was 
observed. The following is an account of the experiments of Dr. 
Ivanov-Smolensky on this subject. 

Separate conditioned alimentary reflexes were established, and 
equalized, to four different tones produced by a Max-Kohl’s tone- 
variator. These tones were chosen in two pairs, separated by an 
interval of approximately three octaves—the lower tones having 
vibration frequencies of 123 and 132 respectively, and the upper 
tones of 1036 and 1161 respectively. Similar reflexes were also 
established to a hissing sound, and to the sound of a metronome 
beating at a rate of one hundred per minute. In the course of the 
experiments one of the conditioned reflexes was extinguished to 
zero, and then all the remaining reflexes were tested in different 
experiments, either immediately or after intervals of 1, 3, 5, 7, 10, 
12 or 15 minutes. All the reflexes were found to undergo secondary 
inhibition, but in a varying degree. A part of the results of these 
experiments is given in the table on page 166. 

The table shows that on the extinction of one of the tones belong;- 
ing to the lower pair the reflex to the other tone of the same pa.r 
reaches the maximum inhibition somewhat more rapidly, remairs 
at this maximum longer, and recovers from the inhibition more 
slowly, than the reflexes to either of the higher tones. On the 
extinction of one of the high tones, the reflex to the other high tone 
reaches the maximum inhibition more rapidly, remains longer at 
this level, and recovers from the inhibitory after-effect more slowly 
than the reflexes to either of the lower tones. On the extinction 
of any of the tones the secondary inhibition of the reflexes to hissing 
and to the metronome is in all respects less than that of the reflexes 
to the tones. On the other hand, after extinction of the reflex to 
hissing or to the metronome an intense secondary inhibition of all 
the reflexes to tones is obtained. 

It is obvious that only the experiments with extinction of 
tones can be brought forward as evidence of a definite geometrical 
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projection of the acoustic peripheral receptor upon the cortical part 
of the analyser. 

The fact that extinction of the reflexes to the metronome and to 
hissing produces intense inhibition of the reflexes to tones, whereas 
extinction of the reflexes to tones results only in comparatively 
weak inhibition of the reflexes to the metronome and hissing may 
perhaps be accounted for by the greater strength and by the more 
mixed character of the latter stimuli. 
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Conditioned reflex | 71 | 95 )100 j100 P — | 85 
to 132 d.v. p 
Conditioned >! Conditioned reflex | 57 | 60 | 86 53 | — | 45 
reflex to 123- to 1161 d.v. : a 
d.v. Conditioned reflex l 10 | — | 50 | 73 ; —} 8j— 
to hissing sound : ie 
Conditioned reflex | 75 |100 | 95 {100 | — | 91 | — | 80 
es to 1036 d.v. i 
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Ne | Conditioned reflex | 5| — |45 | 63; 42|—| 0} — 
to metronome | 
Conditioned 3 Í Conditioned reflex | 5 | — | 93 | 673 42 | — | 4| — 
r to 123) | to metronome | 
Conditioned | Conditioned reficx "73 | — J100 hoo 76 | — | 65 | — 
reflex to me- -~ to 123 d.v. i j 
tronome | : 


Tti is highly probable that irradiation and concentration of inhibi- 
tion, which takes place as described in the cutaneous and acoustic 
analysers, follow a similar course also in the case of other analysers. 
However, the experimental determination of the relationships in 
these cases is at present extremcly difficult or even impossible owing 
to purcly technical obstacles. If in the future these obstacles should 
be overcome and the laws governing the spread of inhibition be 
determined for all the analysers, an experimental method would 
be provided for the study of the internal structure of the different 
analysers. 


LECTURE X 


Irradiation and concentration of nervous processes in the cerebral hemispheres 
(continued) > (b) Irradiation and concentration of inhibition ever the entire 
cortex ; (c) Irradiation and concentration of excitation. 


In the last lecture it was shown how internal inhibition, initiated in 
a single definite point of the cortical part of an analyser, rapidly 
irradiates over the whole analyser, after which it is slowly concen- 
trated upon its initial point. Furthermore, it was found that the 
progress of irradiation of internal inhibition can be traced step by 
step within the analyser. 

In the present lecture we shall trace the progress of inhibition 
from one analyser to another over the whole cerebral cortex. Experi- 
ments bearing upon this process have been conducted for all the 
forms of internal inhibition recognized up to the present. 

It was mentioned in the description of differential inhibition that 
when the inhibition is initiated in one analyser it reveals itself in 
other analysers as well, in the form of an inhibitory after-cffect. In 
a scries of experfments by Dr. Beliakov it was found that dif- 
ferential inhibition of a small intensity docs not involve in its after- 
effects any other analyser than the one in which the inhibition was 
primarily developed, but that when the intensity of the inhibition is 
great the inhibitory after-effect involves other analysers as well. 
However, secondary inhibition of other analysers is in every case 
much weaker than that of the analyser in which the difforentiation 
was primarily developed. A number of experiments will be described 
to illustrate these relations : 

A conditioned alimentary reflex was established to a tone of 
4,000 d.v. produced by a Galton’s whistle ; from this a pitch of one 
semitone lower was differentiated. A second positive conditioned 
alimentary reflex was established to a noiselessly rotating object. 
The reflex to the auditory stimulus gave an average secretion of 
11-12 drops during 30 seconds, and the reflex to the visnal stimulus 


gave an average of 7-8 drops. The results of a series of experiments 
167 
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upon the irradiation of differential inhibition are illustrated by the 
following table : 


Salivary 


Time Stimulus applied Secretion in 
during 30 seconds drops during 
30 seconds 


Experiment of 8th June, 1909. 


2.5 p.m. Tone of 4000 d.v. 12 
2.35 ,, Semitone lower 0 
2.38 33 3» ”? 0 
2.39 , Tone of 4000 d.v. 5 
2.50 ,, ji 5 11 
35 , Semitone lower 0 
3.8 ” » » 0 
39 i, Rotating object 7 
3.20 LEJ LEJ LEJ 7 
Experiment of 11th June. 
1.35 p.m. Tone of 4000 d.v. 12 
1.45 ” ” ” 11 
20 ,, Semitone lower 0 
22 3, 5 > 0 
2.4 39 a” 3 0 
2.6 39 ”» 3 0 
2l oj Rotating object 3 
2.25 39 LEA ” 7 
Experiment of 14th June. 
1.45 p.m. Tone of 4000 d.v. 11 
20  =,, Semitone lower 0 
22 ,„ is p 0 
2.4 3 39 LLA 0 
26 » a » 0 
2.7 » Tone of 4000 d.v. l 
2.30 39 39 cr] ll 


The significance of these experiments is obvious. After the 
inhibitory semitone had been repeated twice with an interval of 
3 minutes between the successive repetitions, the positive tone 
tested half a minute later had lost more than 50% of its effect, 
while the visual stimulus showed no diminution in its effect at all 
(experiment of 8th June). After a greater summation of the inhibi- 
tory after-effect by four successive repetitions of the semitone with 
intervals of 2 minutes between them, the reflex to the visual stimulus 
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tested half a minute later (in the experiment of 11th June) showed a 
diminution of 60%, while the inhibition of the reflex to the auditory 
stimulus (tested in the experiment of 14th June) was nearly complete. 

Similar results are obtained with extinctive inhibition, as shown 
in a series of experiments by Dr. Gorn. In these experiments, 
owing to the introduction of certain modifications into the technique, 
the irradiation of the inhibitory process was even more clearly 
exhibited, especially as regards the carlier removal of its after-cffect 
from the secondarily involved analysers. The following are some of 
the experiments : 

Separate conditioned alimentary reflexes were established in a 
dog to the tone ¢' sharp of a pneumatic tuning-fork and to flashes of 
three electric lamps, each of 16 candle-power. 





Stimulus | ; 
Time applied Salivary Secretion in drops 
during during 30 seconds 
30 seconds 





Experiment of 15th December, 1911. 





1.55 p.m. Light 9. 
158 i ar | 
2A iy P Trace i Not 
24 4, sy 0 t reinforced. 
2.7 ” ” 0 | 
2.31 ,, D Trace l 
Experiment of 26th January, 1912. 
2.17 p.m. Tone 10 Reinforced 
232 ,, Light 8 
2.35 ,, P 3 
2.43 ,, P 4 Not 
2.46 ,, as 1 reinforced. 
2.49 ,, i 0 
2.52 ,, ‘i 0 
2.524 ,, Tone 4 Reinforced 
Experiment of 27th October, 1911. 
1.25 p.m. Tone 12 Reinforced. 
1.37 ,, Light 11 
1.40 ,, 5 10 Not 
1.43 ,, i 4 . 
1.46 ,, S 0 reinforced. 
1.49 ,, ” 0 r 
1.52 ,, Tone 12 Reinforced 
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The conditioned reflex to light was in these experiments subjected 
to extinction, and the inhibitory after-effect was tested upon the 
reflex to the auditory stimulus. The reflex to the visual stimulus 
itself, after extinction up to the point of two consecutive zeros, 
showed the first signs of spontaneous recovery only after an interval 
of 234 minutes (15th December, 2.31 p.m.). The reflex to the 
auditory stimulus, on the other hand, when tested immediately after 
a similar extinction of the visual reflex was diminished in strength 
by only 60% (26th January, 1912, 2.52} p.m.), and when tested in 
the third experiment after a pause of 24 minutes it was quite free of 
any inhibitory after-effect (27th October, 1911, 1.52 p.m.). It is 
thus seen that the inhibition irradiated from the visual to the 
acoustic analyser—never, however, producing a full inhibitory after- 
effect, and quickly retreating from it. That the rapid removal of 
the inhibitory after-effect from the acoustic analyser in these experi- 
ments was not due to a smaller intensity of the primary inhibition 
within the visual analyser is proved by the following details. In 
the case of the visual stimulus the interval between the repetitions 
(2$ minutes) led to a progressive diminution of the reflex through all 
the stages of extinction, whereas in the acoustic analyser an identical 
interval sufficed for a complete restoration of the reflex. Moreover, 
when in the second experiment the extinction of the visual reflex 
had led to a reduction of the secretion to 34 drops as against the usual 
8 drops, a prolongation of the interval on purpose to 74 minutes 
served only to check the progress of the diminutiol: in the strength 
of the reflex, and did not result in any appreciable restoration 
(2.43 p.m.), while the acoustic analyser was after that interval 
already completely free from any inhibitory after-effect. Neither 
was the difference between the restoration of the primarily and the 
secondarily extinguished reflexes due to any peculiarities of the 
cortical elements of the visual and auditory cells, as was proved by 
experiments in which the tone was subjected to the primary extinc- 
tion, and the effect of secondary inhibition was observed on the 
visual analyser. The relations between the rates of recovery from 
the inhibition in the primarily and secondarily extinguished analysers 
in these experiments were exactly the same as before, and there is 
no need, therefore, to give separate tables. It can now reasonably 
be assumed that in the secondarily extinguished analyser we deal 
with the periphery of the irradiated inhibition, and that its recessional 
movement begins at the periphery and proceeds towards the point 
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of initiation of the inhibition exactly in the same manner as within 
the single cutaneous analyser (concentration of inhibition). 

Experiments on irradiation of extinctive inhibition over the 
entire cortex of the hemispheres were performed with a great number 
of variations. For example, two conditioned reflexes were developed 
in the analyser which was subjected to primary extinction (e.g. 
visual analyser), and the inhibitory cffect of expcrimental extinction 
of one of these reflexes was observed upon both of them and also 
upon reflexes belonging to other analysers. Recovery from the 
inhibitory after-cffect was found first of all in secondarily extin- 
guished reflexes belonging to other analysers. Shortly afterwards 
recovery occurred in the secondarily extinguished reflex belonging 
to the visual analyser itself, and finally, but after a much longer 
time, the reflex which underwent the primary extinction became 
freed from the inhibitory after-effect. The difference in the length 
of time necessary for the recovery of the two reflexes belonging to 
the primarily inhibited visual analyser clearly points to a regional 
localization of reflexes within the analysers, such as was already 
suggested in the preceding lecture. 

Experiments performed with irradiation of conditioned inhibition 
gave, on the whole, very similar results. Onc definite additional 
stimulus was used as a common conditioned inhibitor for conditioned 
reflexes belonging to different analysers, each of the conditioned 
stimuli in turn being repeated with the additional stimulus and 
remaining in the compound always without reinforcement, so that 
the compound conditioned stimulus developed inhibitory properties. 
The actual experiments were conducted as follows. First one of the 
conditioned stimuli was applied, and its secretory effect recorded. 
Next the conditioned inhibitor was applied in combination with the 
same or another conditioned stimulus, and the combination was 
repeated several times in succession. Finally, the effect of the first 
conditioned stimulus applied singly was again tested at different 
intervals of time after the last application of the inhibitory combina- 
tion. When the positive reflex tested was the one employed in the 
inhibitory combination, it was found to be considerably inhibited, 
and was only slowly freed from the inhibitory after-effect ; when, 
however, the inhibitory combination was made with a stimulus from 
another analyser, the stimulus undergoing the test was only slightly 
inhibited, and rapidly recovered its original strength. It is thus 
seen that the inhibitory after-effect was very powerful and prolonged 
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in the analyser of the reflex subjected to the primary conditioned 
inhibition, but was only weak and of short duration in other 
analysers. 

In a series of experiments conducted by Dr. Degtiareva separate 
conditioned alimentary reflexes were established to a metronome 
(M) and to flashes of electric lamps (L). A noiselessly rotating 
object (R) was used as a conditioned inhibitor common to both 
positive stimuli. The application of the conditioned stimuli both 
singly and in the inhibitory combination was always continued 
during one minute, and the amount of saliva secreted during this 
time was recorded. ‘The following experiments give the final 
result of the determination of the minimal interval which was 
necessary for complete recovery of the conditioned reflexes from 
their secondary inhibition. 


Salivary 
Time Stimulus Secretion in 
drops during 
one minute 
Experiment of 13th May. 
4.20 p.m. M 11 
4.26 ,, M+R 3 
4.29 ,, s 0 
4.32 ,, ” 0 
4.35 ” ” 0 
438 ,, ” 0 .« 
4.46 ,, M 12 
Experiment of 16th May. 
4.16pm. | M 12 
4.22 ,, L+R 4 
4.25 ,, ii 0 
4.28 ,, » 0 
4.31 , s 0 
4.34 ,, » 0 
4.35} ,, M 11. 


These experiments show that after five repetitions of the inhibi- 
tory combination of which the metronome formed part, the minimum 
period necessary for the complete recovery of the positive reflex to 
the metronome was 7 minutes (experiment of 13th May, 4.46 p.m.). 
On the other hand, the minimum period required for the complete 
restoration of the reflex to the metronome after five repetitions of 
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the inhibitory combination of rotating object plus visual stimulus 
was only 15 seconds (experiment of 16th May, 4.35} p.m.). 

Finally, we have studied the irradiation of that form of internal 
inhibition which develops during the first phase of reflexes with a 
long delay. Owing to the peculiar character of this type of internal 
inhibition, occurring as part of a diphasic phenomenon, it might 
naturally be expected to exhibit pcculiarities with regard to its 
after-effect, and such was actually found to be the case. The results 
obtained in experiments with different dogs varied considerably, 
and only in a certain number of cases could the irradiation of the 
inhibition easily be followed over the entire cortex. The experi- 
ments were performed in the following manner. The stimulus for 
the delayed reflex was continued only during the first part of the 
inhibitory phase of the delayed reflex, and was then followed cither 
immediately or after some interval of time by a conditioned stimulus 
from another analyser ; the strength of this stimulus had previously 
been determined, and was now again tested to find the magnitude 
of the inhibitory after-effect. Some of these experiments are given 
below. 

Two conditioned reflexes delayed for 30 seconds were established, 
the conditioned stimulus being in the first case flashes of electric 
lamps, and in the second tactile stimulation of the skin; a third 
conditioned reflex to a metronome was delayed for 3 minutes; the 
inhibitory phase of this reflex was equal to 11-2 minutes: all three 
reflexes were established with the help of acid. 








Time Stimulus Salivary Secretion in drops 
Experiment of 26th January. 
3.24 p.m. Tactile stimulation During 30”, 9 
3.41 , Metronome (applied during During lst 30”, 0; 2nd 
only one minute) "1 
3.42 ,, Tactile stimulation During 30’, 4 
Experiment of 28th January. 
3.20 p.m. Flashes of lamp During 30", 7 
3.36 ,, Metronome (applied during During ist 30’, 0; 2nd 
only one minute) 30’, 1 
3.37, Flashes of lamp During 30", 2 


The result is quite definite. The inhibition evoked by the 
metronome in the first stage of its action has irradiated from the 
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acoustic analyser into both the visual and tactile cutancous analysers, 
diminishing their reflexes by 60-70%. 

In another dog the results were almost completely reversed. 
The conditioned stimuli applied immediately after the inhibitory 
phase of the delayed reflex produced an increased positive effect. 
The reason of this difference was found without difficulty. In the 
first dog, when an interval of 2 minutes was introduced between the 
isolated action of the metronome and the application of the succeed- 
ing conditioned stimulus, the excitation phase of the delayed reflex 
never appeared during these 2 minutes. In other words, the inhibi- 
tory phase of the delayed reflex in this dog was effectively isolated 
from the excitatory phase. On this account, under the conditions 
of the experiments, the inhibition became obvious in its after-effect 
upon both the visual and tactile stimuli. In the second dog, on the 
other hand, when the same interval was introduced between the 
isolated action of the metronome and the application of the succeed- 
ing conditioned stimulus, the active phase of the reflex to the 
metronome became revealed during the interval. In this dog, 
therefore, under the conditions of the experiment, the effect of the 
positive conditioned stimuli falling within the positive phase of the 
delayed reflex was not diminished but considerably increased on 
account of summation of the two reflexes. In this second dog the 
excitatory process appeared earlier and was more powerful; in 
other words, the separation of the inhibitory phase of the delayed 
reflex from the excitatory phase was not complete: It is interesting 
to note in this connection that in the first dog the inhibitory process 
in general predominated over the excitatory one. 

In this and the preceding lecture I have adduced numerous 
experiments illustrating the spread of the inhibitory after-effect 
over the cerebral cortex, and it may be that to some readers I have 
seemed to over-stress this point. However, such multiplication of 
experiments was necessary in order to emphasize sufficiently how 
often this phenomenon occurs in simple and pure forms. The facts 
hitherto considered present only the fundamental interrelations 
between the inhibitory and excitatory processes revealed by special 
methods of experimentation, and often merely owing to special 
individual peculiarities of the animal. In many cases these funda- 
mental interrelations are obscured by various accessory elements 
which render the whole process much more complex. 

At the very beginning of our investigation of the irradiation of 
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internal inhibition we were struck by the paradoxical and un- 
expected results of certain experiments [Dr. Krasnogorsky]. Dr. 
Krasnogorsky’s experiments on the irradiation and concentration 
of differentiul inhibition within the cutaneous analyser were described 
in the preceding lecture (page 153). The preliminary test of a con- 
ditioned reflex to tactile stimulation of the skin at a place situated 
at a distance of 22 cm. from the place primarily inhibited elicited 
8 drops of salivary secretion during 30 seconds, while a visual reflex 
gave a secretion of 5 drops. One minute after the last of three 
successive stimulations of the inhibitory place the visual reflex was 
found to be reduced to zero; in other words, the inhibitory after- 
effect spreading from the tactile into the visual analyser had com- 
pletely overshadowed the excitatory effect of the visual stimulus. 
After ten minutes’ interval the inhibitory place was again stimulated, 
now four times in succession, and on testing the tactile reflex at 
the place 22 ems. away, one minute after the last inhibitory stimulus, 
it was found to be completely free from inhibition. 

Similar phenomena have been recorded in experiments on con- 
ditioned inhibition conducted by Dr. Chebotareva. Several con- 
ditioned reflexes were established in a dog to stimuli belonging to 
different analysers. A conditioned reflex to a metronome, when 
applied in conjunction with a conditioned inhibitor in the form of a 
visual stimulus, failed to elicit a single drop of saliva. A minute or 
two later the metronome applied singly (when, of course, it was 
reinforced) prodvfced its full secretory effect. Conditioned reflexes 
to a tactile stimulus and to an odour of camphor, however, when 
tested shortly afterwards were still found to be considerably 
inhibited. 

It appears, therefore, from these experiments that, contrary to 
our expectation, the reflexes recovered from the inhibitory after- 
effect in the primarily inhibited analyser sooner than in any other. 
However, on careful consideration of the records of the development 
of the various reflexes in the animals, it became obvious that these 
apparently anomalous results were obtained only in cases when the 
secondarily inhibited reflexes belonging to other analysers were 
but recently established or, in the case of old reflexes, when they 
had not been exercised for a considerable time or were weak through 
having been established with the help of stimuli of small intensity. 
Hence it follows that if a certain area which was originally under 
the influence of inhibition has become free from the inhibitory after- 
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effect, it does not necessarily mcan that the inhibition is also with- 
drawn from the regions surrounding this arca : under certain definite 
conditions the process of excitation in some areas of the cortex may 
prevail over the co-existing and somewhat weakened inhibition of 
the surrounding areas. It is, indeed, our experience that conditioned 
reflexes in which the phase of initial generalization has not been 
succeeded by sufficient specialization, as well as reflexes of small 
intensity of excitation, become very easily disturbed, both by 
external and by internal inhibition. Those strong conditioned 
reflexes in which the specialization has been carried to a high degree, 
on the other hand, are not so easily influenced by external or internal 
inhibition. The question of stability and of resistance of strong and 
well-developed positive and negative conditioned reflexes will be 
considered in the thirteenth lecture. 

In order to elucidate these exceptional phenomena, which 
appeared to contradict the more general rule for the irradiation and 
concentration of inhibition, the following experiments were specially 
conducted by Dr. Pavlova. 

Conditioned reflexes were established to several stimuli belonging 
to different analysers, particular attention being directed to main- 
taining an equal number of repetitions of all the various stimuli, 
always, of course, with their reinforcement. After the maximum 
intensity of every one of the reflexes had been reached, a conditioned 
inhibition was developed for one of the reflexes by the usual method 
of non-reinforcement of the corresponding stimulus when applied 
in combination with the conditioned inhibitor. The strengthening 
of the conditioned inhibition was carried to the point when the 
inhibitory after-effect as tested by the application of the correspond- 
ing stimulus became limited to two minutes. Of course, during the 
period of development of the conditioned inhibition all the positive 
reflexes continued to be reinforced an equal number of times. At 
this stage of the experiment all the other stimuli, which up till then 
had not been combined with the conditioned inhibitor, were now 
for the first time tested in company with the inhibitor. It was 
found that these reflexes also, with only one exception, became free 
of inhibitory after-effect two minutes after initiation of the con- 
ditioned inhibition. The exception in question was a weak 
conditioned reflex to the appearance of a somewhat dim light, 
which was found to be still inhibited for some time after the 
recovery of the others. From these experiments it becomes clear 
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that one and the same intensity of inhibition, when it had ceased 
to produce any diminution of the stronger reflexes, nevertheless 
exercised a definite action upon the weaker ones. 

This dependence of the inhibitory after-effect upon the intensity 
of the secondarily inhibited reflexes is only one of several factors 
complicating the otherwise smooth progress of irradiation and con- 
centration of inhibition. In the next lecture we shall describe 
another factor of much greater importance, producing a more 
profound disturbance in the progress of irradiation and concentration. 


We shall turn now to a discussion of the experimental evidence 
with regard to the after-effect of the excitatory process; this has 
not, however, yet been studied to so great an extent as the after- 
effect of the inhibitory process. 

The first experiments upon the after-effect of excitation were 
conducted by Dr. M. Petrova on similar lines to the early experi- 
ments on the irradiation and concentration of inhibition. Five 
separate apparatuses for tactile stimulation of the skin were arranged 
at equal distances apart along the hind limb of a dog, the first of the 
series being placed over the paw and the fifth over the pelvis. In 
one animal the tactile stimulation of the paw (No. 1) served to evoke 
a conditioned reflex to acid, while in another animal it served to 
evoke a conditioned alimentary reflex. Owing to initial generaliza- 
tion of the reflex, the stimulation of the remaining places (Nos. 2, 3, 
4 and 5) also evoked at first positive alimentary reflexes or defence 
reflexes to acid. These places, however, rapidly became dif- 
ferentiated by the method of contrast, giving finally a zero effect, 
so that only the stimulation of the paw remained positive. At the 
beginning of each experiment the tactile stimulation of the paw (the 
positive stimulus) was applied during 30 seconds, and the amount of 
salivary secretion was recorded during the first half and during the 
second half of the period of stimulation. After 30 seconds of 
stimulation the reflex was reinforced. Then, after some interval of 
time, the paw was again stimulated, but now the stimulation was 
continued during only the first 15 seconds, and was followed immedi- 
ately by stimulation of one or another of the inhibitory places during 
the second 15 seconds. Results were obtained as follows. On 
changing the stimulus from the positive place (No. 1) to the nearest 
inhibitory place (No. 2) the siy secretion during the second 
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period of 15 seconds was diminished only slightly, or even not at all, 
as compared with the secretion observed during the first period of 
15 seconds (action of apparatus No. 1). But when the remotest 
apparatus (No. 5) acted during the second period of 15 seconds, the 
salivary secretion was considerably diminished. Stimulation of the 
places Nos. 3 and 4 under identical conditions gave rise to a secretion 
intermediate between that evoked at places Nos. 2 and 5, the 
secretory effect at place No. 3 exceeding that at place No. 4. 

In further experiments not only was the salivary secretion 
during the 15 seconds of the actual stimulation of the inhibitory 
places recorded, but also the entire secretory after-effect. In these 
experiments the difference in the effect of the nearer and the more 
remote stimuli was exhibited almost without exception and with 
great distinctness. For example, stimulation of the nearest place 
(No. 2) evoked a far more prolonged and greater secretion than 
did stimulation of the remotest place (No. 5). The following 
experiments illustrate this case. The dog used in these experi- 
ments had its tactile conditioned reflexes established with the 
use of acid. 


| Salivary Secretion in 
drops during successive 
periods of 15 seconds, 
starting with the 
preliminary application 
of the positive R ks 
conditioned stimulus omar 
No. 1 2 


Time Stimulus 


Period of | Secretory 
stimułlation| after-effect 


Experiment of 14th November, 1913. 


2.0 p.m. | No.1 8, 7 i : 

210 ,, |, 71 \ Reinforced 

2.23 ,, |No. 1 followed by No. 2 7, 5 5, 8,1, 1 Not 
reinforced 

Si No. 1 4, 9 Reinforced 
Experiment of 16th November, 1913. 

1.45 p.m. | No. 1 5, 9 ; 

20 y 37 \ Reinforced 

2.10 ,, | No. 1 followed by No. 5 6, 2 1, 0, 0, 0 Not 
reinforced 


2.26 ,, No. 1 2, 8 Reinforced 


Time 
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Salivary Secretion in 
drops during successive 

periods of 15 seconds, 
starting with the j 

preliminary application 
: of the positive 
Stimutus conditioned stimulus Remarks 
No. 1 





Period of 
stimulation! 


Secretory 
after-effect 








Experiment of 19th November, 1913. 


es 1 roe | | Reinforced 
No. 1 followed by No. 2 7, 5 | 32,1,0 ; Not 
reinforced 
No. 1 2, 8 Reinforced 
No. 5 0, O | 0,0,0,0 Not 
reinforced 
Experiment of 21st November, 1913. 
No. 1 6, 12 
” 9, 15 | Reinforoed 
” 10, 13 
No. 1 followed by No.5] 8, 4 | 2,0,0,0 | Not 
reinforced 
No. 1 7,11 Reinforced 
Experiment of 23rd November, 1913. 
| No.1, 7,11 | 
P 9, 13 ' | Reinforced 
> 10, 12 | 
No. 1 followed by No.2} 12, 8 | 4,3,1,0 ; Not 
| reinforced 
No. 1 3, 9 Reinforced 
Experiment of 28th November, 1913. 
Sa Aer } Reinforeod 
No. 1 followed by No. 5 8, 5 | 1,0,0,0 Not 
o. 2 0, 0 | 0,0,0,0 } reinforeed 
No. 1 2,10 Reinforced 





The results of these experiments are very definite. In the cases 
when the positive stimulus, No. 1, was succeeded by the nearest 
inhibitory one, No. 2, the amount of salivary secretion recorded 
during the first 15 seconds (action of No. 1) was in the three 
different experiments 7, 7, 12 drops respectively, while the secretion 
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during the remaining period (action of No. 2 plus the secretory 
after-effect) was 15, 11 and 16 drops respectively. In the cases 
when the positive stimulus, No. 1, was succeeded by the remotest 
stimulus, No. 5, the secretion during the first 15 seconds amounted 
to 6, 8 and 8 drops respectively, while the secretion during the 
action of the remotest stimulus, No. 5, plus the secretion during the 
period of the excitatory after-effect amounted to only 3, 6 and 6 
drops respectively. The total secretion subsequently to the first 
15 seconds was, therefore, in the first case (with stimulus No. 2) 
definitely greater than during the 15 seconds’ action of the positive 
stimulus No. 1, and in the second case (with No. 5) definitely smaller. 
On changing from the positive stimulus, No. 1, to the nearest inhibi- 
tory stimulus, No. 2, the secretory after-effect persisted during 
45-60 seconds, while on changing to the remotest stimulus, No. 5, 
the secretory after-effect persisted during only 15 seconds. These 
results assume a still greater significance when it is remembered 
that the inhibitory properties of the nearest stimulus, No. 2, ought 
to be greater than those of the remotest stimulus, No. 5, since, as 
we have learned already, the more delicate the differentiation the 
more intense is the underlying inhibitory process. That this 
actually was the case was definitely established by special experi- 
ments, in which the inhibitory after-effects from Nos. 2 and 5 were 
tested upon the positive reflex from No. 1 and upon some conditioned 
stimuli from other analysers. The following is an example of the 
inhibitory after-effect upon the positive reflex from the place No. 1, 
as tested 44} minutes after the use of the inhibitory stimuli Nos. 2 
and 5 respectively. The experiments were carried out on the same 
dog as before. 


Conditioned Salivary 
i stimulus Secretion in 
Time . applied drops during 
during 30 seconds 
30 seconds 
3.45 p.m. No. 1 12 
3.55 » » 18 
4.10 ,, No. 2 0 
4.15 ,, No. 1 4 
4.20 ,, A 15 
4.35 ,, No. 5 0 
4.40 ,, No. 1 12 
445 ,, s 15 
4.50 ,, ip 12- 
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The inhibitory after-effect following stimulation of place No. 2 
was still very powerful after an interval of 43 minutes, whereas the 
inhibitory after-effect following stimulation of place No. 5 was 
negligible. 

In view of the results of these further experiments, there seems 
to be no reason to doubt that the excitation evoked by the positive 
stimulus in the previous experiments exerted a greater effect on the 
place nearest to it than on the place most remote. The whole 
phenomenon must, therefore, be regarded as a result of an irradiation 
of excitation. 

Some experiments upon the irradiation of excitation have 
recently been repeated by Dr. Podkopaev. The places for tactile 
stimulation were taken on the skin of one sidc of the body, the first 
apparatus being arranged over the fore paw and the remaining 
apparatuses being placed at equal distances apart along the trunk 
and hind limb of the dog, the last being arranged over the hind paw. 
Stimulation of the area over the fore paw was given the properties 
of a positive alimentary conditioned stimulus, while stimulations of 
the remaining areas were given the properties of negative stimuli. 
The salivary secretion was recorded during successive periods of 
five seconds. Usually the positive conditioned stimulus was con- 
tinued during 30 seconds and was then immediately reinforced, but 
for the purpose of the tests the stimulus was occasionally allowed to 
act during only 15 seconds, and was followed by a pause of 15 
seconds before tite reinforcement. In this manner it was possible 
to follow the course of the secretion during 30 seconds when the 
stimulus was acting throughout, and also during 30 seconds when 
the stimulus was abbreviated to the first 15 seconds. With the 
longer stimulation the ratio of the secretion during the first 15 
seconds to that during the second 15 seconds came out as 1: 2-4; 
in the case of the abbreviated stimulation it came out as 1: 1-25. 
In the next stage of the experiments the positive stimulus after 
acting during the first 15 seconds was followed immediately by an 
inhibitory stimulus which acted during the succeeding period of 
15 seconds, and this stimulus was given by stimulation of a nearcr 
or a remoter place. The ratio of the amount of secretion during the 
first 15 seconds to that during the second 15 seconds came out 
in the former case as 1: 1-35, and in the latter case as 1: 0-53. 
It is obvious, therefore, that in this case, as in the previous 
experiments, the excitatory after-effect of the positive stimulus 
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was strong in placcs nearest to it and negligible in the remoter 
places. 

Neither this last nor the preceding series of cxpcriments permits 
us to determine with which phase of the movement of excitation we 
have to deal, whether the phase of irradiation or the phase of con- 
centration. Experiments are at present being conducted in which 
the inhibitory stimuli are applied, not immediately on cessation of 
the positive stimulus, but after a short pause of varying length, 
Unfortunately, the direct experimental data concerning irradiation 
and concentration of excitation at our disposal are limited to the 
facts described above. There are, however, a number of isolated 
observations which have some bearing upon this subject, and these 
will now be described. 

One of our animals—a shcep-dog—had a very exaggerated form 
of what might he called “ the warding reflex.” The experimenter 
(Dr. Besbokaya]. who always worked with the dog in a separate 
room, used to prepare it for the experiment without the slightest 
difficulty, placing it in the stand and adjusting the various 
apparatuses for recording and for stimulation. Under Dr. Besbo- 
kaya’s control the experiments on conditioned reflexes proceeded 
quite smoothly, but the moment a stranger appeared in the experi- 
menting room the dog always developed a powerful aggressive 
reaction, especially if the stranger (in that case myself) took the place 
of the experimenter. Applying the established conditioned ali- 
mentary stimulus under these circumstances. I always obtained a 
secretory reflex considerably above normal, the dog consuming its 
food with obviously exaggerated muscular effort. This aggressive 
reaction evoked by my presence became diminished in intensity 
when I intentionally kept quite still: the only part of the reflex 
still remaining was the gaze of the animal, which was kept fixed on 
me. The conditioned alimentary stimulus now produced a much 
smaller salivary secretion than the normal, and sometimes even no 
secretion at all. As soon. however, as I relaxed my attitude, and 
especially if I moved about, the aggressive reaction returned in full 
vigour, and the salivary and motor reactions in response to the 
conditioned alimentary stimulus became considerably increased in 
their intensity. It is interesting to note that although this dog 
grew calm in the presence of a stranger who kept quite still, the 
aggressive reaction returned after each reinforcement after the end 
of the conditioned stimulus, the reaction continuing for some time, 
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even though the stranger remained motionless. There appears to 
be only one possible explanation of this phenomenon. The powerful 
excitatory effect of the intruder and his movements must have 
irradiated over the hemispheres, and increased amongst others the 
excitability of that area which is related to alimentary functions. 
When, however, this excitation diminished on account of weakening 
and concentrating of the external stimulus the reverse took place, 
and the excitability of remoter areas became diminished as com- 
pared with the normal (effect of external inhibition). In a similar 
manner the cating of food temporarily heightened the excitability of 
the centre for the aggressive reaction. 

A similar phenomenon was observed in experiments conducted 
[by Dr. Prorokov] with another exceptional dog. In this dog tactile 
stimulation of the skin evoked a peculiar and very definite motor 
reaction, akin to a reaction to tickling, and possibly of a sexual 
character. It elicited also a conditioned alimentary reflex which 
was abnormally powerful, exceeding any of the other conditioned 
alimentary reflexes to non-tactile stimuli. As a rule, tactile stimula- 
tion of the skin evoked first of all its own special motor reaction, and 
was then succeeded after 10-15 seconds by an exceedingly powerful 
alimentary motor reflex. When the special motor reaction was over- 
come by the use of a technique which will be discussed in the last 
lecture, the conditioned alimentary reflex to the tactile stimulus 
became reduced to a normal level, and became less powerful, for 
example, than homogeneous reflexcs to auditory stimuli. This 
phenomenon must unquestionably be regarded as a further example 
of irradiation of excitation. 

We are inclined to give a similar interpretation also to the 
following fact. In the case of interaction of conditioned reflexes 
based upon the use of different alimentary substances, the inhibition 
of some of them by others does not develop immediately, but only 
after an interval of some minutes. It is quite conceivable that at 
first an irradiation of excitation is initiated from the cortical point 
corresponding to some definite alimentary substance. The excita- 
bility of neighbouring points thereby becomes temporarily increased, 
and it is only afterwards, when the excitation gets weakened and 
concentrated, that the inhibition reveals itself [experiments of Dr. 
Savitch]. 

A similar argument can be advanced in explanation of some 
unexpected results obtained by Dr. Vassiliev in the course of forma- 
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tion of heterogencous conditioned reflexes to thermal stimuli. A 
conditioned reflex to acid was established by the application of a 
thermal stimulus of 0° C. to the skin of the animal, and a conditioned 
alimentary reflex by means of a thermal stimulus of 47°C. The 
development of these reflexes required a considerable time, and when 
finally established they were found to show the following extremely 
interesting peculiarity. If the conditioned reflex to cold (based on 
acid) was repeated with reinforcement several times in succession, 
the alimentary conditioned reficx to heat when evoked directly after- 
wards became transformed into a defence reflex to acid similar to 
that obtained with the stimulus of cold. Reversely, cold applied 
after several reinforcements of the conditioned alimentary reflex to 
heat brought about an alimentary reaction instead of the customary 
reaction to acid. The fact of this transformation was quite distinct 
and beyond doubt, since the nature of the reflex could easily be 
established by, for cxample, observing the motor reactions of the 
animal, which differ considerably for the two reflexes. In the case 
of the alimentary reflex the dog turned towards the experimenter, 
dividing its gaze between him and the source of food and smacking 
its lips ; in the case of the reflex to acid the dog turned away from 
the experimenter, snorting and whining, shaking its head and making 
ejective movements with its tongue. Moreover, the reflexes could 
easily be distinguished by the composition of the saliva from the 
submaxillary salivary gland, which in the case of the alimentary 
reflex was thick and mucous, and in the case of the reflex to acid, 
fluid or watcry. These points of difference were established in the 
given case with cspecial care. The persistent and prolonged trans- 
formation of one reflex into the other was the more strange and 
unexpected, since such a confusion of heterogeneous reflexes never 
occurs in other analysers ; for example, in the acoustic analyser, 
even if the two stimuli to heterogeneous reflexes differ by less than 
a tone no transformation occurs, although it might be thought 
that the difference between two neighbouring tones was of much 
smaller vital significance than the difference between heat and 
cold. 

The explanation turns on a certain peculiarity in the relations 
of the analysers for heat and cold. As is well known the peripheral 
ends of these analysers are interspersed with one another over the 
surface of the skin. Now it has been proved experimentally by Dr. 
Shishlo that the cortical ends of the two analysers overlap and it is 
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tempting, therefore, to conjecture that the cortical ends are inter- 
spersed similarly to the peripheral ends. In that case irradiation 
from the one analyser to the other would be facilitated and such 
a confusion between the reflexes as is illustrated in the above 
experiments can be accounted for. 

I shall now return to a further consideration of a phenomenon 
which was referred to in the preceding lecture in connection with the 
analysing activity of the cortex, but which, from the point of view of 
its intimate mechanism, has to be dealt with in this section. This 
concerns the initial generalization of any recently established con- 
ditioned stimulus, representing an apparently spontaneous positive 
activity of stimuli which had never previously been applicd, but 
which constitute an allied group with the stimulus which had ac- 
quired conditioned properties on account of reinforcement. As an 
example we may take a series of experiments on the cutaneous 
analyser conducted by Dr. Anrep. Six apparatuses for tactile 
stimulation of the skin were arranged at definite places along one 
side of the body. The action of apparatus No. 0 at a place on 
the thigh was given positive alimentary conditioned properties in 
a short trace reflex. The remaining places were distributed as 
follows: 

No. 1 on the hind paw, No. 2 on the pelvis, No. 3 on the middle of 
the trunk, No. 4 on the shoulder, No. 5 on the fore leg, No. 6 on 
the front paw. Stimulation of any of the latter places produced a 
spontaneous conditioned secretory effect, although none of them had 
been combined with food; the intensity of their secretory effect 
decreased very gradually with the distance from the place on the 
thigh, No. 0. The table gives the average figures obtained with 
one of the three dogs employed for these experiments. The 
amount of saliva is expressed in drops, each equal to 0-01 c.c. 
The secretion was recorded for the 30 seconds during which the 
stimulation lasted. 


` 


Number of place stimulated - 1 0 2 8 4 5 6 
Secretion z z - - 33 53 45 39 23 21 19 


The stability of generalization varies considerably in different 
dogs, and it is not always easy to keep it on a definite level during a 
series of experiments. If the stimuli were applied to new places, 
and reinforced every time, the reflexes would become completely 
generalized. On the other hand, if these stimuli remained without 
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reinforcement an opportunity would be provided for the develop- 
ment of a differential inhibition. In view of this, and in order to 
secure morc or less cxact and comparable results which could be 
verified by repetition, the stimuli were alternately applied with and 
without reinforcement, or else the applications were repeated at long 
intervals of time (2-3 weeks). 

It remains now to inquire into the intimate mechanism of 
generalization, and the following interpretation seems best to agree 
with our present knowledge. It may be assumcd that each element 
of the receptor apparatus gains representation in the cortex of the 
hemispheres through its own proper central neurone, and the peri- 
pheral grouping of the receptor organs may be regarded as projecting 
itself in a definite grouping of nervous elements in the cortex. A 
nervous impulse reaching the cortex from a definite point of the 
peripheral receptor does not give rise to an excitation which is 
limited within the corresponding cortical element, but the excitation 
irradiates from its point of origin over the cortex, diminishing in 
intensity the further it spreads from the centre of excitation, exactly 
as we have seen in the case of inhibition. Just as the initial point of 
cortical excitation becomes connected with the centre of the uncon- 
ditioned reflex, so also do the secondary points of cortical excitation, 
and this leads to the formation of many accessory reflexes. These 
reflexes decrease progressively in strength with increasing distance 
of the secondarily excited areas from the point of primary cortical 
excitation, since the magnitude of the conditioned reflex is rigidly 
determined by the intensity of excitation. This interpretation agrees 
with Dr. Koupalov’s observation that an experimental generalization 
of a localized tactile reflex develops gradually and progressively, 
and that complete equalization of the effect of stimulating any place 
of the skin is only reached after a considerable time. This, of course, 
is only natural, since conditioned reflexes from points further removed 
from the primary excitation appear considerably later, the accessory 
tactile reflexes being much weaker to start with at the remoter 
places. 

The explanation advanced as regards the initial generalization 
of simultaneous conditioned reflexes within a single analyser can be 
effectively applied to the type of universal generalization which is 
observed in long-trace reflexes (Lecture VII). In the case of the 
long pause between the conditioned and the unconditioned stimulus, 
the excitaticn initiated by the conditioned stimulus has time to 
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spread over the entire cortex. and in this manner all the individual 
cortical points ean now link up with the centre for the unconditioned 
reflex as soon as this becomes excited. In the case of a short pause 
between the two stimuli the centre for the unconditioned reflex 
determines a concentration of the conditioned excitation towards 
itself, thus limiting any extensive irradiation over the gencral mass 
of the hemispheres. 


LECTURE XI 


Mutual induction of evcitution and inhibition: (a) Positive induction. (b) 
Negative induction. 


Tam first aspect of the intimate nature of the cortical activity which 
came into our field of investigation concerned the irradiation and 
concentration of excitation and inhibition. Only considerably later 
was a second aspect of this activity discovered and also subjected to 
a rigorous analysis. This second aspect concerned the reinforcing 
effect exerted by the one process upon the other, both in respect 
to the cortical points directly excited or inhibited and those into 
which the excitation or inhibition has irradiated. 

This effect will be referred to as induction—a term introduced by 
E. Hering and C. S. Sherrington. Induction is mutual, or reciprocal, 
excitation leading to increased inhibition and inhibition leading to 
increased excitation. The former is referred to as “the phase of 
negative induction,” and the latter as “ the phase of positive induc- 
tion,” or, briefly, ‘‘ negative ” and “ positive ” induction respectively. 

The phenomenon of induction was observed many years ago, but, 
as so frequently happens in scientific research, its full significance was 
for a long time obscured in our minds by the idea of a smoothness of 
propagation of nervous processes, and those irregularities which are 
now known to be the result of induction, were always attributed to 
various casual disturbing influences, the danger of which is so great in 
our investigations. The first indication of induction was found in the 
experiments of Dr. Kogan, in which, as was shown in the ninth 
lecture (page 161), the stimulation of a place on the skin following 
immediately upon the complete extinction of another definite place 
much further removed revealed almost invariably a state of increased 
excitability. No systematic investigation of this phenomenon was, 
however, attempted, until recently some experiments of Dr. Four- 
sikov focused attention upon the matter and led to its energeti¢ 


investigation. The following is one of the earlier experiments of 
Dr. Foursikov. 
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A conditioned alimentary reflex was established to tactile stimula- 
tion of the front paw. A similar tactile stimulation of the hind 
paw was differentiated, the inhibition being complete, so that not 
a single drop of saliva appeared in response to stimulation of the 
inhibitory place. 





i Latent period 
Conditioned Picea of the 
Time stimulus applied | drops during salivary 
during 30 seconds} 30 seconds reaction 
in seconds 


4.20 p.m. Front paw 





8 3 
4.36, . 7-5 3 
445 ;, Hind paw 0 : 
4.45} ,, Front paw 12 2 
4.58 ,, i 5 8 
5.10 ,, a 6-5 5 


It is seen that the secretory effect was increased almost 50% when 
the positive conditioned stimulus was applied immediately after the 
termination of the inhibitory stimulus, and that the latent period of 
the reflex was definitely shortened. Moreover, the intensity of the 
motor alimentary reaction of the animal was also considerably 
increased. Evidently, under the influence of the inhibitory stimulus 
(hind paw), the corresponding cortical area develops a state of 
inhibition, which,is, as we know, retained for some time after the 
termination of the inhibitory stimulus. On the other hand, the 
cortical area corresponding to the positive stimulus (front paw), on 
termination of the inhibitory stimulus must be temporarily in a 
state of increased excitation. In this instance the interpretation 
is helped by the spatial relation of the two points of stimulation. 
The problem, however, becomes more complicated when both the 
positive and negative stimuli act upon one and the same cortical 
point, as, for example, in cases of differentiation of a stimulus 
according to its intensity or according to its continuous or interrupted 
character, or as regards the frequency of interruption in one and the 
same type of stimulus. The phenomenon of induction can, never- 
theless, be seen in these cases also. The following is another experi- 
ment taken from Dr. Foursikov’s research : 

-A conditioned alimentary reflex is established to a rate of 76 
beats per minute of a metronome, and from this a rate of 186 beats 
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per minute is‘completely differentiated, both with regard to the 
secretory and motor components of the reflex. 





Salivary Latent period 


Conditioned Secretion in of the 
Time stimulus applied | drops during salivary 
during 30 seconds! 30 seconds reaction 
in seconds 

5.5 p.m 76 beats 5-5 5 
5.15 ,, v 6 5 
5.24 , 186 beats 0 — 
5.244 ,, 76 beats 8 2 
5.43 ,, » 5-5 5 
5.51 ,, 3 6 5 


The positive stimulus tested immediately after the applica- 
tion of the inhibitory stimulus showed an increase of 30% in the 
secretory reflex ; the motor reaction was correspondingly intensified, 
while the latent period of the secretory reflex was considerably 
shortened. 

Another example of positive induction may be given from a 
research by Dr. Kalmykov: a positive conditioned alimentary 
reflex was established to strong light, and from this a reflex to weak 
light was completely differentiated. 





Sahvary ea) period 


Conditioned ion i 

Time | stimulus applied eee dura Salivary 

during 30 seconds} 30 seconds reaction 

in seconds 
1.46 p.m. Strong light 7 15 
1.55 , ñ 7 13 
25 ,„ Weak light 0 — 
2.54 ,, Strong light 10 4 
2.14 ,, s 5-5 13 
2.24 4 l1 


” oP) 


In this experiment also the positive stimulus, tested immediately 
after the inhibitory stimulus, showed an increase in the secretory 
reflex of 40%; the latent period was considerably shortened and 
the alimentary motor reaction was distinctly increased. 

It may be questioned, in the light of the foregoing experiments, 
whether the phenomenon of positive induction does not really 
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represent a form of dis-inhibition. The plausibility of such an 
interpretation is obvious, since in experiments on positive induction 
a new condition is introduced in the immediaieness of the replacement 
of the negative conditioned stimulus by the positive one. This new 
condition might play as potent a rôle as any other fresh change in 
the environment in evoking an investigatory reaction, so producing 
dis-inhibition. However, apart from the many points of difference 
in detail between the phenomena of positive induction and dis- 
inhibition, this explanation is definitely disproved by the character 
of the motor reaction of the animal. This never at any time, even 
from the very beginning, manifests itself as a general investigatory 
reaction, but always as a distinctly specialized reaction corresponding 
to the definite positive conditioned reflex. 

The duration of induction varies from several seconds to one or 
two minutes. The cause of this variation has not yet been sufficiently 
investigated. 

After this bare statement of facts, we must now proceed to a 
more detailed study of positive induction, especially as its occur- 
rence was by no means so constant as might be inferred from the 
above account. The subject is not even yet entirely under our 
control, but a number of conditions on which induction depends can 
already be indicated. 

The first of these conditions was revealed accidentally. In 
certain experiments with a conditioned alimentary stimulus of 100 
beats of a metronome per minute Dr. Kalmykov regularly observed 
a positive induction on testing the positive stimulus immediately 
after the withdrawal of the inhibitory stimulus of 160 beats per 
minute. However, when Dr. Kalmykov tried to demonstrate the 
experiment in the presence of several visitors, including myself, the 
results obtained were quite different: instead of the customary 
augmentation, the application of the inhibitory stimulus immedi- 
ately before the positive one now caused a pronounced diminution 
in the positive reflex. This unexpected deviation was interpreted 
as follows. Since the dog was not sufficiently isolated from the 
sounds produced by the experimenter and the visitors, their con- 
versation must have acted as an external inhibitory stimulus 
weakening the differentiation, and at the beginning even distinctly 
dis-inhibiting it. Positive induction could not, therefore, be 
exhibited at any time during the experiment. The record of this 
experiment is given on p. 192. ; 
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Salivary | Latent period 


f Conditioned stimulus applied secretion in of the 
Time during 30 seconds drops during salivary 
30 seconds „reaction 
in seconds 

1.27 p.m 100 beats 7-5 9 
1.40 , 5i 7 16 
147 ,, 160 beats (inhibitory stimulus) 4 12 
1.55 ,, 00 beats 3 21 
25 ,, > 11-5 7 
2.15 , 160 beats (inhibitory stimulus) Oo. — 
2.153 ,, 100 beats 0 — 
2.21 , 55 il 6 
2.33 ,, 160 beats (inhibitory stimulus) 0 — 
2.334 ,, 100 beats 2 27 
2.42 160 beats (inhibitory stimulus) 0 — 
2424 ,, 100 beats 2 26 
2.50 ,, 10-5 7 


It is seen that the differentiation which previously to this experi- 
ment was complete became disturbed on its first application in the 
presence of visitors, 4 drops of salivary secretion being now obtained 
(1.47 p.m.). Later, the inhibitory stimulus applied singly gave the 
usual zero secretion, but throughout the experiment the inhibitory 
stimulus never exhibited any power of positive induction; the 
positive reflex tested immediately after the withdrawal of the 
inhibitory stimulus underwent a diminution, and was therefore in- 
fluenced immediately by an inhibitory after-effect instead of the usual 
temporary positive induction (2.154 p.m., 2.334 p.m., 2.424 p.m.). 

It may be concluded from the foregoing that the weakening of 
the inhibitory process leads to the disappearance of induction, so 
that now the inhibitory after-effect begins to develop immediately, 
without the intervention of a preliminary heightening of excitation. 
In order further to test this interpretation Dr. Kalmykov reduced 
the intensity of the differential inhibition by intentionally subjecting 
it to external inhibition. For this purpose the experiment was 
preceded by the introduction of a rejectable substance into the 
mouth of the dog, when, as in the case just described, no induction 
could be observed throughout the experiment. It may be con- 
cluded, therefore, that the manifestation of positive induction 
depends upon some definite intensity of inhibition. 

The second condition upon which the development of induction 
depends was also brought out in experiments on the same dog. 
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Differential inhibition having been established to the metronome 
beating at a rate of 160 per minute, it was practised for special 
purposes a great number of times in the course of several months 
without testing for induction. A more delicate differentiation to a 
rate of 112 beats per minute was now established (the rate of the 
positive stimulation being in both cases 100 beats per minute). 
When this finer discrimination became absolute, tests for induction 
were performed with the following definite result : 





Salivary | Latent period 


Conditioned Secretion in of the 
Time stimulus applied | drops during salivary’ 
during 30 seconds | 30 seconds reaction 
in seconds 
1.17 p.m. 100 beats 12 19 
1.26 ,, 112 beats 0 — 
1.264 ,, 100 beats 21 6 
1.36 ,, 5 7 22 


The inductive action of the new and more delicate differentiation 
resulted in an immediate increase of the positive secretory reflex by 
75% and in a considerable shortening of the latent period. When, 
however, the older and coarser differentiation of 160 beats was now 
tested, it was surprising to find that no trace of inductive action 
could be observed. We thought it possible that this result might 
have been due to interruption in the practice of the coarser dif- 
ferentiation whilé the new and more delicate differentiation was 
being established, and therefore we now practised the two differentia- 
tions alternately for periods of 10-15 days each. This procedure did 
not, however, change the course of events, as is shown in the following 
tables : 





; Latent iod 
, Conditioned | „Salivary | CF the 
Time stimulus applied drops during salivary 
during 30 seconds 30 seconds i a 
Experiment of 17th April. 
11.11 a.m. 100 beats 16 8 
11.19 ,, 112 beats 0 = 
11.19} ,, 100 beats 20 2 
11.30 ,, i 0 = 
11.37 ,„ F 4 26 





AP. 
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Latent period 


BAe Salivary 
Condit d anf of the 
Time stimulus applied paces salivary 
during 20 seconds 20 seconds Peer 
Experiment of 20th April. 
11.37 a.m. 100 beats 13 9 
11.45 ,„ 160 beats 0 - 
11.453 ,, 100 beats 5 23 
11.55 ,, 5 6 23 
12.2 p.m. J | 6 17 


It is seen that the new and finer differentiation produced a 
distinct though temporary effect of positive induction (11.194 a.m.), 
whereas the older and coarser one was followed directly by an 
inhibitory after-effect. On continuation of the experiments the 
effect of positive induction of the finer differentiation also began 
to weaken. 

In similar experiments conducted by Dr. Frolov a modification 
was introduced by employing an inhibitory stimulus of greater 
intensity than the stimulus to the positive conditioned reflex. The 
tone D of Max Kohl’s tone variator, damped to different degrees, 
provided the stimuli in these experiments. Three intensities of the 
tone were employed. The weakest served for the positive con- 
ditioned stimulus, while the remaining intensities of the tone were 
given inhibitory properties, the strongest tone being the first to be 
contrasted. When this differentiation became definitely established 
a test was made of its effect in producing positive induction : 





Conditioned Salivary 
Time Atimulna applied ea Aae 

UEP Stereos 30 seconds 
1.28 p.m. Weak tone 12 
1 .33 ” Strong tone oa 3 
1.42 ” Weak tone 11 
l 56 ed ” l 1 
2.8 ” Strong tone 0 
2 8} ” Weak tone 17 
2.18 7 


” ” 


On immediate transition from the inhibitory tone to the weak 
positive one, the effect of the latter was found to be increased by 
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50% (2.84 p.m.). The differentiation to the strong tone was now 
repeatedly practised for over a month. When tested at the end of 
this period it was found to have lost completely its effect of positive 
induction : 


Conditioned Salivary, 
Time stimulus applied Secretion in 
during 30 seconds | drops during 
30 seconds 
1.41 p.m. Weak tone 8 
1.57 , o 6 
23 ,„ P 9 
2.11 , Strong tone 0 
2.114 ” Weak tone 6 
2.24 ,, » 6-5 


The next stage in the experiment was the formation of a dif- 
ferentiation to the tone of intermediate intensity. This finer 
differentiation was already nearing completion on its nineteenth 
application. The following table gives the results of a test for 
positive induction : 


Conditioned Salivary 
Time stimulus applied | Secretion in 
during 30 seconds | drops during 
30 seconds 
9 
1.15 p.m. Weak tone 12-5 
1.19 ,, ” 11 
1.29 , Medium tone 0 
1.293 ,, Weak tone 1? 
145 ,, ” 9 








Exactly as in the preceding experiments by Dr. Kalmykov, the 
older and coarser differentiation had lost its inductive effect after 
prolonged practice, while the new and more delicate differentiation, 
so soon as definitely established, exhibited an intense effect of positive 
induction. 

The natural conclusion to be drawn from these observations is 
that positive induction represents a temporary, phasic phenomenon, 
which is associated with the period of establishment of new relations 
in the nervous system ; induction makes its appearance only with 
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the maximal development of. a given cortical inhibition, and dis- 
appears after the inhibition has become finally stabilized. This 
general rule, however, is not without exceptions, since in some vases 
induction is maintained during long periods of time without showing 
any signs of subsequent diminution. So far as can be judged from 
the available data, this depends on whether the rapid replacement 
of the inhibitory, by the excitatory, stimulus affects one and the same 
cortical area, as in the experiments just described, or whether the 
two stimuli affect two cortical areas more or less remote, as in the 
experiments upon the cutaneous analyser. The conditions under 
which induction assumes a more permanent character can be 
settled only by further experiments, such as are at present in 
progress. 

It may, however, be added that a considerable number of experi- 
ments were conducted with differentiation of the rate of rhythmic 
tactile stimulation of some definite area of the skin. In these 
experiments a high rate of stimulation acted as the positive stimulus, 
while a low rate of stimulation acted as the inhibitory one. So far 
we have been unable to observe any positive induction with these 
stimuli, on rapid transition from the inhibitory to the excitatory one. 
In all cases there was only an immediate development of an inhibitory 
after-effect. 


Negative induction—+.e. an intensification of inhibition under the 
influence of preceding excitation—was also observed several years 
ago, but was always wrongly interpreted, and it only received 
adequate recognition in some quite recent experiments. In these 
experiments, which were carried out by Dr. Stroganov, the pheno- 
menon of negative induction was repeatedly investigated in many 
dogs, and can now be estimated at its full value. 

Negative induction was first met with in investigations on the 
destruction of internal inhibition. Some experiments of this type 
conducted by Dr. Krjishkovsky dealt especially with the destruction 
of conditioned inhibition. A tone employed singly was given the 
properties of a positive conditioned stimulus to acid, while in com: 
bination with a tactile cutaneous stimulus it served as a stimulus in 
a conditioned inhibition. The destruction of the inhibition was 
attempted by reversing the process employed in its formation, the 
application of the inhibitory combination being alternated with 
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applications of the positive conditioned stimulus singly, but both 
being this time reinforced. The results obtained were quite un- 
expected. In spite of ten applications of the inhibitory combination 
with reinforcement by acid in the course of three days, its inhibitory 
properties remained undisturbed. These experiments are repre- 
sented in the following tables : 








Conditioned Salivary Secretion 
Time stimulus applicd in drops 
during 30 seconds during 30 seconds 





Experiment of 15th October, 1907. 


10.24 a.m. Tone ll 
10.38 ,, Combination 0 
10.59 Tone 13 
11.11 ,, Combination 0 | Reinforced in 
11.27 Tone 10 all cases by 
11.40 , Combination 0 injection of 
11.58 , Tone ll acid into 
12.13 p.m. Combination 0| the mouth. 
12.25 _,, Tone 10 
12.39 |, Combination 0 
12.55 ,, Tone 12 


Experiment of 16th October, 1907. 





1.34 p.m. Tone 8 | Reinforced in 
1.52 ,, Combination 0 all cases by 
241 ,, Tone 9 injection of 
2.55 ,, Combination 0| acid into 
3.10 , Tone 7 the mouth. 
Experiment of 17th October, 1907. 

10.55 a.m Tone 7 

115, Combination 0 | Reinforced in 
11.25 ,, one 6 all cases by 
11.35 , Combination 0 > injection of 
11.53 , Tone 8 acid into 
12.6 p.m Combination 0 the mouth. 
12.19 ,, Tone 9 





Since this method failed to produce a destruction of the con- 
ditioned inhibition, another technique was used on the day following 
the last experiment. The combination, which remained always 
reinforced, was now repeatedly applied without any intervening ” 
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applications of the positive conditioned stimulus singly. Destruc- 
tion of the inhibition was now rapidly obtained. 


Experiment of 18th October, 1907. 





Conditioned Salivary Secretion 
Time stimulus applied in drops 
during 30 seconds during 30 seconds 
10.42 a.m. Tone 10 
oe Sg Combination : Reinforced. in 
liz” x 4 all cases by 
11.30 ” ” 6 injection of 
41 |. k e| acid. 
11.54 ,, 8 


Although the difference between the results of the two methods 
seemed obvious enough, the suggestion offered itself that the 
destruction which developed so rapidly with the second method had 
been facilitated by the previous reinforcements in the earlier period. 
of alternate application. In order to eliminate this possibility, the 
inhibitory combination was re-established and practised during a 
period of over one year, when the second method for the destruction 
was again applied, the result being as follows : 


Experiment of 22nd November, 1908. 





Conditioned Salivary Secretion 
Time stimulus applied in drops 
during 30 seconds during 30 seconds 
10.43 a.m. Tone 8 
10.57 _,, Combination 0 
11.9 , 5 0 | Reinforced in 
11.23 ,, s 1 all cases by 
11.35 ,, ss 3 injection of 
1149 ,, y 5 acid. 
12.3 p.m. 5 10 
12.25 ,, Tone 14 


These experiments clearly demonstrate an essential difference 
between the two methods, but, as has already been said, the apparent 
anomaly presented by the first method remained for many years 
without any satisfactory explanation, until the question was re- 
investigated by Dr. Stroganov, who worked with differential inhibi- 
tion. Conditioned alimentary reflexes were established in four dogs, 


NEGATIVE INDUCTION 199 


differentiations being established for musical tones of differing pitch 
and for different rates of metronome beats. A pronounced differ- 
ence in the rate of destruction of the inhibitory process by the two 
methods was clearly exhibited in all the dogs, without any exception. 
In the case of repeated application of the inhibitory stimulus with 
reinforcement, destruction of the inhibition was obtained after only 
a few applications ; in the case of regular alternation of the inhibitory 
stimulus with the positive conditioned stimulus, on the other hand, 
both being followed by reinforcement, the destruction of inhibition 
was very much delayed, and appeared only after a great number of 
applications. In the different animals employed in this research 
sometimes the one and sometimes the other method of destruction 
was used first, and in every case the two methods were repeated 
many times with each animal. The differentiations were, of course, 
„always well re-established before the succeeding experimental 
destruction. In addition, several important variations in the experi- 
ments were made. The first variation consisted in the application 
of the positive stimulus after the differential inhibition had been 
almost altogether abolished by the use of the second method of 
destruction; it was found that even one single application was 
sufficient partially or fully to restore the inhibition (12.6 p.m. in the 
table below). 

A rate of 120 beats of the metronome per minute served for a 
positive conditioned alimentary stimulus. A rate of 60 beats per 
minute was firmly established as a stimulus to a differential inhibi- 
tion. During 41 applications within a period of 40 days it did not 
elicit a single drop of saliva. 





Conditioned Salivary Secretion 
Time stimulus applied in drops 

during 30 seconds during 30 seconds 
11.25 a.m. 60 beats 0 : 
11.30 ,, n 0 All the stimuli 
11.42 ,, i 3 were accom- 
11.49 ,, a 4 panied by re- 
11.56 ,, 120 beats 8} inforcement. 
12.6 p.m. 60 beats 0 


A second variation of the experiment consisted in making three 
successive applications of the positive conditioned stimulus just 
before the destruction of the differential inhibition by the second 
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method was begun. This preliminary administration of the posi- 
tive stimuli caused an unusual retardation of the destruction, 
which now required an additional five or six applications of the 
inhibitory stimulus. 

In another dog the same positive and inhibitory conditioned 
stimuli were employed, and although the differentiation in this dog 
was less stable and, therefore, subject more easily to dis-inhibition, 
a similar delay was observed in its destruction. 


Conditioned Salivary Secretion 
Time stimulus appli in drops 
during 30 seconds during 30 seconds 
12.1 p.m. 120 beats 9 
12.10 ,, » 11 
12.21 , 3 5 P : 
12.31 |, 60 beats os (ee eel 
re » ” 4 panied by re- 
12.56 Aj i 0 inforcement. 
1.2 , . 2} 
19 , » 23 


In a third variation of the experiment, after the destruction had 
been carried by the method of alternation to such a degree as to be 
already appreciable, four or five applications of the positive stimulus 
in succession were sufficient to reverse this effect, re-establishing the 
inhibition. i 

Another method of experiment for the demonstration of negative 
induction was employed by Dr. Prorokov, who made use of an old 
observation that the positive conditioned reflex response which was 
evoked second in an experiment frequently showed the greatest 
secretory effect. This was most probably owing to an increased 
excitability of the alimentary centre following on the first reinforce- 
ment with the unconditioned reflex; on this account a recently 
established, but not yet quite stable, inhibitory stimulus is frequently 
disturbed when applied in an experiment immediately after the first 
application of the unconditioned stimulus, the reflex being partially 
dis-inhibited. When several positive conditioned alimentary reflexes 
are present, and only one of them is associated with a differentiation, 
it can be observed that if one of the independent conditioned reflexes 
is applied first in a given experiment, the reflex corresponding to the 
differentiated inhibitory stimulus applied second is frequently con- 
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siderably dis-inhibited. When, on the other hand, an experiment 
begins with the application of the positive one of two differentiated 
stimuli, the effect of the negative stimulus when applied second is 
but rarely, and then only slightly, disturbed. The actual experi- 
ments of Dr. Prorokov were carried out as follows. A rate of 144 
beats of a metronome per minute served as a positive conditioned. 
alimentary stimulus, while a frequency of 72 beats per minute was 
differentiated from it. The sound of a buzzer served as a further 
positive alimentary stimulus. When the buzzer was applied first in 
the experiment, and the inhibitory stimulus of the metronome second, 
the reflex to the metronome was dis-inhibited in 8 cases out of 12, 
the maximum disinhibition being 72%. When, however, the 
inhibitory rate of the metronome was applied after a preliminary 
application of the positive rate, dis-inhibition was obtained in only 
two cases out of 12, and it never exceeded 20%. The two procedures 
were always conducted in different experiments alternately, in order 
to preclude any effect of an increase in the stability of the differential 
inhibition following on repeated contrasts. The results show 
that, at any rate in some cases, the effect of negative induction is 
more especially connected with the positive stimulus to which a 
differentiation has been established, any other positive conditioned 
stimulus, even though it belongs to the same analyser, having but a 
small, or even no, effect of negative induction upon the inhibitory 
stimulus of the differentiated pair. 

The two forms of experiment just described leave no doubt that 
under certain conditions the generation of an excitation intensifies a 
succeeding inhibition. 

The recognition of the actual existence of negative induction 
naturally led us to inquire whether the effect which had previously 
been described under the name of external inhibition was in essence 
a form of a negative induction, in which the excitation initiated 
by extra stimuli falling upon the cortex induced a greater or less 
degree of inhibition in the surrounding points. The investigation is, 
however, somewhat difficult, since it is necessary to determine 
whether the external inhibition is a cortical phenomenon, or whether 
it takes place entirely in the lower centres of the brain, seeing that 
in the case of external inhibition the centres of two different uncon- 
ditioned reflexes are involved. From what is known with regard to 
the functions of the lower parts of the central nervous system, it 
must undoubtedly be assumed. that in the case of external inhibition 
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of conditioned reflexes an interaction of an inhibitory character does 
occur between the centres of the two unconditioned reflexes. It 
must be ascertained, however, whcther in the case of external inhibi- 
tion there is not also a similar interaction between the various points 
of the cortex, and this is where the difficulties appear. An attempt 
was made to overcome them in experiments by Dr. Foursikov, 
the actual] experiments being performed in the following way. Two 
conditioned reflexes based on different unconditioned ones were 
established, the one alimentary and the other a defence reflex to a 
strong electric stimulation of the skin. The conditioned stimulus 
to the defence reflex was applied, and as soon as the defence reaction 
appeared the conditioned defence stimulus was replaced by the 
conditioned alimentary stimulus. In the majority of cases the con- 
ditioned alimentary reflex suffered inhibition in a greater or less 
degree. Since, however, the defence reaction was present, it must 
be assumed that the unconditioned centre for the defence reaction 
was in a state of excitation, and therefore, that the possibility of an 
interaction of the unconditioned centres was not eliminated in these 
experiments. Although, however, the experiments in this form were 
inconclusive, they provided occasion for an observation which 
justified the assumption that in some cases an interaction in the form 
of a negative induction must also exist between the cortical points 
corresponding to the two conditioned reflexes. It was noticed that 
after the establishment of the conditioned defence reflex, the older 
conditioned alimentary reflex when it belonged to a.different analyser 
suffered no diminution in intensity. When the conditioned stimuli 
for the two reflexes were taken from the same analyser, the estab- 
lishment of the conditioned defence reflex led to a prolonged diminu- 
tion in the magnitude of the conditioned alimentary reflex. More- 
over, when both the alimentary and defence stimuli were related to 
different points of the cutaneous analyser, it was found that after 
the establishment of the conditioned defence reflex a diminution in 
the strength of the conditioned alimentary reflex was found only for 
those alimentary points nearest to the one which had been given 
properties as a conditioned stimulus to the defence reflex, the reflexes 
for more remote alimentary points retaining their full magnitude. 
Now, if the external inhibition had been confined to the centres of 
the unconditioned reflexes, such relations would not have been found 
in the cortical analysers. These observations render it highly prob- 
able that external inhibition can take place as a purely cortical 


NEGATIVE INDUCTION 203 


phenomenon, of the same nature as negative induction, and that 
external inhibition can, therefore, be identified with internal inhi- 
bition. It may be noted that the nearest point associated with the 
alimentary reflex did not under these circumstances manifest any 
properties peculiar to the point for the defence reaction, and no motor 
defence reaction ever accompanied the alimentary reflex. At present 
a series of experiments is being conducted with the object of securing 
more direct evidence on this point. 

There can be no doubt that the phenomenon of mutual induction 
described above provides a physiological basis for the large group of 
contrast phenomena described in connection with the physiology of 
the sense organs. Here, therefore, we are confronted with a further 
illustration of the successful application of the objective method to 
the study of problems hitherto considered to be exclusively within 
the domain of subjective investigation. 


LECTURE XII 
Interaction of irradiation and concentration with induction. 


Tux last three lectures were devoted to the irradiation of excitation 
and inhibition in the cerebral cortex and to their mutual induction. 
Irradiation and concentration on the one hand, and induction on 
the other, were dealt with separately, as if they were completely 
independent. In actual fact, however, it is plain that these processes 
are superimposed on and interact with one another. Cases of the 
apparently isolated existence of irradiation and concentration of 
either excitation or inhibition without the simultaneous presence of 
induction can only be regarded as exceptional, and must be inter- 
preted either as being an expression of some definite phase of the 
development of these processes, or as an individual peculiarity of 
the nervous organization of the experimental animal. It is probable, 
also, that, at least in some cases, the interpretation of experiments 
upon irradiation and concentration was simplified artificially, since 
at first the existence of mutual induction was not thought of. More- 
over, in the initial phases of our investigation the whole problem 
presented such overwhelming and chaotic complexity that many 
sides of the subject were intentionally ignored. We had to disregard 
many points, and had to obviate specially difficult problems, replac- 
ing dogs which for some reason were unsuitable or presented complex 
relations difficult to trace. At the present time, however, as a result 
of many years’ experience, special attention can be directed to any 
new fact or any new peculiarity observed in any individual animal, 
and such peculiarities now raise fresh problems for investigation. 

The mutual relations of irradiation and concentration of the two 
nervous processes with their mutual induction are exceedingly 
complex, and a complete knowledge of their interrelations has not 
yet been attained. The data available on this subject at present do 
not lend themselves to systematic arrangement, but there is sufficient 
material to merit consideration. 

The simplest case, which will be given first, is taken from an 
experiment by Dr. Kreps, who worked upon the tactile analyser. 

204 


INDUCTION AND IRRADIATION 205 


Positive conditioned reflexes were established to tactile stimulation 
of two places on the thigh (1 and 2), one on the abdomen (3), one on 
the chest (4), and one on the shoulder (5); a place on the fore leg 
of the animal was completely differentiated from the others, and 
acted, therefore, as an inhibitory stimulus. All the positive stimuli 
were equalized as regards the magnitude of their effect. The actual 
experiments were conducted in the following manner. At the 
beginning of each experiment the normal magnitude of the secretory 
reaction for a given positive stimulus was determined ; further on in 
the experiment the effect of the same positive stimulus was tested 
again, either immediately or at various intervals of time after the 
termination of the inhibitory stimulus. This process was repeated 
with all the rest of the positive stimuli, the whole series of experi- 
ments taking a period of about five months for completion. The 
results are summarized in the two following tables, in which the 
magnitudes of the positive conditioned reflexes for the different 
places are expressed)as percentages of their normal value, as deter- 
mined in every experiment prior to the use of the inhibitory stimulus, 








First Table. 

0 5 sec. | 15 sec. | 30 sec. | 1 min. | 2 min. | 3 min. | 5 min. 

Place 1 - 130 — — 57 68 70 71 100 
» 2 - 125 — — 48 70 64 73 98 

» 3 - 125 — — 59 73 84 77 100 

» 4 - 131 — — 58 60 75 73 100 

» 5 - 126 — — 56 64 89 86 100 
Average - | 127 — — 56 6T 76 76 100 

Second Table. 

0 5 sec. | 15 sec. | 30 sec. | 1 min. | 2 min. | 3 min. | 5 min. 

Place 1 - 138 123 92 53 71 100 85 100 
» 2 - 141 117 92 64 67 110 — — 

» 83 - 127 -— 97 65 98 112 105 98 

» & - 145 123 100 77 88 95 81 — 

» 5 - 127 — 90 80 100 105 106 110 
Average - 136 121 94 68 85 108 94 102 


The first vertical column gives the number of the positive place 
of stimulation, while the upper horizontal row indicates the interval 
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of time between the end of the inhibitory and the beginning of the 
positive stimulus. The first table represents the average figures for 
the total number of experiments during the whole period of investiga- 
tion ; the second table gives the average figures only for the last 
month of the investigation, the intervals of 5 and 15 seconds 
having been employed during the latter period only. 

These experiments show that when the positive stimulus is 
applied immediately after the termination of the inhibitory stimulus 
its effect is invariably increased, when it is applied after an interval 
of 15 seconds its effect is below normal, and when applied towards 
the end of 30 seconds its effect is minimal ; only towards the end of 
the 5th minute is complete recovery of its normal effect obtained 
(first table). Thus the application of the inhibitory stimulus is 
followed in the first place by an effect of positive induction ; this is 
succeeded by an irradiation of inhibition, which gradually disappears 
so that the effect of the positive stimulus returns to normal again. 
A similar replacement of positive induction by an inhibitory after- 
effect might also have been noticed by the reader in experiments 
given in the previous lecture, when the phenomenon of positive 
induction was first described (see especially experiment on page 193). 

Returning to the experiment described above, the following 
particulars should be noted. While the magnitude of positive 
induction increased somewhat towards the later period of the 
investigation (second table), the inhibitory after-effect diminished, 
both as regards its duration (being now confined within an interval 
of two minutes), and as regards the extent of the irradiation (being 
more obvious at the two positive places nearer to the inhibitory one). 
The latter phenomenon is a repetition of a fact which has already 
been discussed in the earlier lectures in connection with the after- 
effect of different types of internal inhibition. 

In the lecture on the irradiation of inhibition attention was 
drawn to an observation made by Dr. Kogan, that in one of his dogs 
the complete extinction of the tactile conditioned stimulus in one 
place was always immediately succeeded by an increased excita- 
bility—+.e. positive induction—in the place which was furthest 
away from it. This phenomenon has been studied in greater detail 
by Dr. Podkopaev in a series of experiments in which the result of 
a single non-reinforcement (i.e. the first step in extinction) of a 
conditioned tactile alimentary reflex was investigated. Conditioned 
alimentary reflexes were established in a dog to tactile stimulation 
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of several places on one side of the body, all of which were spaced 
out along a line commencing in front at the lower part of the fore 
limb, extending along the whole length of the trunk, and finishing 
at the lower part of the hind limb. All the places were equalized 
as regards the magnitude of the positive conditioned effect. Every 
experiment commenced by stimulating some definite place, in order 
to determine the normal magnitude of the reflex. The stimulation 
of the same or another place (at a distance of 1, 43 or 89 cms.) was 
now applied without reinforcement; then the particular place which 
had been stimulated first in the experiment was tested again at 
intervals of from 45 secs. to 12 mins. The experiment was concluded 
by testing any of the remaining places, in order to confirm the normal 
positive effect for the given day. Experiments were conducted 
with intervals of 4-5 days, in order to ensure a more or less stationary 
condition of the inhibition with respect to its after-effect. However, 
„this expectation was not fulfilled, since the inhibition became more 
and more centred around the cortical point of its origin as the experi- 
ments proceeded, and on this account it is necessary to represent 
the general results in the form of three tables for three consecutive 
series of experiments. In the dog on which these experiments were 
carried out, the magnitude of the positive conditioned effect was so 
constant that it was possible to utilize each separate experiment 
instead of taking the mean of several experiments. In the tables 
given on page 208 the magnitude of the reflex is represented in 
percentages of the normal positive effect for each day. The intervals 
of 45 secs., 1 and 3 mins. are given only in the third table, since 
only at this period of the experiments did the flow of saliva after 
administration of the non-reinforced conditioned stimulus stop in 
time enough to allow of a determination of the after-effect of 
extinction at earlier periods. 

It is seen from these tables that at the beginning of the experi- 
ments (first table) the inhibition spread to the furthermost place 
and was still obvious 12 minutes after the extinction. Later (second 
table) the inhibition became limited within a distance of 43 cm., 
and after 4 minutes was of smaller intensity than the inhibition 
occurring in the preceding table after so long as 12 minutes. It can 
further be observed from the second table that at the remoter places 
there was sometimes, in the later intervals, an increase, instead of 
a decrease, of the effect as compared with its normal magnitude. 
Finally, in the last phase (third table), the inhibitory after-effect 
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could be observed only in the primarily extinguished place, and this 
at variable periods of time, whereas in the remaining places, with 
the exception during the first minute of the remotest place, there 
was either an increase above the normal, or a return to the normal 
magnitude of the positive effect. The increased positive effect was 
most probably due to positive induction, which could be detected 
first at the places more remote from the starting-point of the inhibi- 
tion, but only after a considerable period of time following extinction. 


Distance from the place subjected to extinction 











Interval of 
mme 0 cm. lem. | 43 cms. 89 oms. 

First Table. 

4 mins 67 544 534 61 

8 ,, 85 80 65 524 

12 ; 174 824 93 83 
Second Table 

4 mins. 87 8 94 100 

8 ,, 100 111 89 

12 ,, 96} 100 100 118 
Third Table. 

45 secs 514 112 100 85 
1 min. 100 117 112 71 
3 mins 914 115 100 é 1134 
4 ,, 100 100 100 100 
8 ,, 74 100 100 100 

12 ,, 100 100 100 100 


The magnitude of the reflexes is expressed in percentages of 
the normal value. 


However, the effect of positive induction gradually makes itself felt 
at places nearer to the starting-point of the inhibition, and appears 
earlier after the incipient extinction. In other words, both as 
regards time and space, positive induction gradually overcomes and 
supersedes the inhibitory process. : 

The experiments just described present some interesting details. 
Firstly, they demonstrate the extreme sensitivity of the cortical 
elements: the effect of a single non-reinforcement exercising over a 
large region of the cortex a profound influence lasting for a consider- 
able time (more than 12 minutes). Secondly, they afford a further 
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example of the extreme delicacy and lability of physiological processes 
in the cerebral hemispheres : a relatively small influence repeated at 
intervals so long as 4-5 days causes a profound change in the general 
course of events (rapid diminution of inhibitory after-effect). Lastly, 
it can easily be observed that the state of different cortical points 
manifests a definite rhythmic undulation, both with respect to 
time and to distribution of inhibition. Thus in the third table the 
primarily extinguished place was alternately under the influence of, 
and free from, inhibition during 12 minutes, and a similar rhythmic 
oscillation was also observed in space, namely, in the distribution of 
excitation and inhibition in the cerebral cortex at any given moment. 
This fact, which is of considerable importance, will be referred to 
frequently in the further course of these lectures. It should be 
regarded as a natural result of the interaction and mutual adjustment 
of the two opposite nervous processes of excitation and inhibition— 
just as the waves of the third degree on a blood pressure curve 
represent the result of the interaction of pressor and depressor 
influences. 

In some further experiments on the same dog, in which extinction 
was not restricted to a single non-reinforcement but was carried to 
the first zero, a similar undulation was observed, but only at the 
place nearest to the one undergoing extinction. No such undula- 
tions were apparent at more remote places. The results of these 
experiments are presented in the following table: 





Inhibitory after-effect of extinction to the first zero: magnitude 
of the reflex tested at different time intervals after the last 
inhibitory stimulus (expressed as percentage of normal response) 


o | 10”} 307| | 37 | 5’ | g 
Place nearest 
to the one 
undergoing 
extinction 
(distance 1 
cm 


12’ 15| 20’ |25] 30 | 40 








) 44 | 12 | — | 8 | 41 | 57 | 60 | 16/59] 75 | 88} 75] 100 
Remoter place 

(89 om. 

from the 
one under- 


ex- 
Eastin 664) 29 | 32 | 40 | 50 | — | 73 (70,71 100 | —) —| — 


AP. o 
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It is possible that the steady level of the reflex at the remoter place, 
which remained unaltered for 7 minutcs (8th to 15th minutes), could be 
regarded as some expression of an undulation, especially since it corre- 
sponded to the period of a wave of inhibition at the nearest place. 

Dr. Andréev has observed similar undulations in another dog. 
In these experiments four apparatuses for tactile stimulation of the 
skin were arranged along the hind limb of the animal from the 
upper part of the thigh to the lower part of the leg. These places 
are indicated in order from above downwards by the numbers 0, 1, 
2 and 3, and were spaced at equal distances of 15 cms. from one 
another. Stimulation of any one of the three lower places served as 
a positive conditioned alimentary stimulus, while stimulation of the 
upper place was differentiated, and acted, therefore, as an inhibitory 
stimulus. The differentiation, however, in this dog was not very 
stable. In the general course of the experiments the intervals 
between successive stimulations were always 7 minutes. Each experi- 
ment began with the conditioned stimulus of a buzzer or a metronome. 
This was followed by two positive tactile stimuli, which were applied 
to any of the active places, and these were followed by the positive 
tactile cutaneous stimulation which was being specially tested in the 
given experiment. All these stimuli were applied with intervals of 
7 minutes. The uppermost apparatus evoking inhibition was used 
next. After this, and this time at different intervals varying in 
the different experiments from 0 to 10 minutes, the tactile stimulus 
which immediately preceded the inhibitory stimulus was again 
applied and the inhibitory after-effect determined. The following 
table represents the results of these experiments, the magnitude of 
the reflexes being calculated as a percentage of the normal positive 
effect, for which the mean value of the three tactile cutaneous reflexes 
which preceded the inhibitory stimulus was taken. Each figure 
given in the table is an average of three observations. 


Intervals of time:| 0” | 15” 

















Magnitude ) Place 
erg No.1|110 | 77 | 90 | 58 |82| 62 | 40 |105 | 93/95] 95; 100 
ex in 
percent- p No.2| 83 | 62 | 86 | 40 |—| 75 | 27 | 89 |60|—|—] 70 
age of 
normal | No.3; 68 | 24 | 20 | 0 |25| 65 | 40 | 50 |—|55/—| 100 
response 
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The complex relations occurring in these experiments can be 
more readily followed on the following chart: 


Saad BI, 
za 





tie 


It is evident that the effects upon the different positive places of 
the irradiating inKibition initiated by the stimulation of place No. 0 
showed more points of variance than of resemblance. The chief 
point which they had in common was the following : the inhibitory 
after-effect in all three places sooner or later reached a maximum 
and then disappeared. A further point in common was that all 
three places simultaneously revealed two waves of inhibition, the 
crest of one occurring at an interval of sixty seconds following 
the termination of the inhibitory stimulus and the second after an 
interval of five minutes. Here the resemblance ended; all the 
other features presented considerable differences. At the place 
nearest to the inhibitory one there was, immediately on the termina- 
tion of the inhibitory stimulus, a slight increase of excitability, t.e. 
an effect of positive induction. In the remaining two places the 
inhibitory after-effect was revealed immediately. The second wave 
of inhibition at places 1 and 2 was greater than the first, but at place 
3 the second wave was expressed only slightly, while during the 
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first wave the inhibition was complete. Morcover, numerous 
secondary fiuctuations were observed at places 1 and 2. At place 3, 
on the other hand, the only fluctuation was a rather considerable 
weakening of the inhibition during the first half of the fourth 
minute. If this had not been present, the course of the inhibitory 
after-effect would have been as regular as in the cases examined 
previously in the ninth and tenth lectures. At place 3, again, just 
as in previous observations, the period of development of the inhibi- 
tion was several times less than the period of its recession, while at 
places 1 and 2 the time taken to reach the maximum of inhibition 
was either equal to, or even less, than the time required for the com- 
plete restoration of the normal excitability. Lastly, when the gross 
value of the total inhibitory after-effect was computed by adding 
together all the percentages of inhibition calculated from the table, 
it was found that the inhibition exerted its fullest effect at place 3, 
a smaller effect at place 2, and the least effect at place 1. 

The most natural interpretation of these complex relations 
between the cortical excitation and the irradiated inhibition is that 
the induced increase of excitability produced the greatest effect 
nearest the point primarily inhibited ; for this reason the undulating 
character of the struggle between the two opposing processes was 
seen most clearly in the neighbourhood of this cutaneous area. That 
the underlying excitatory process was actually greatest in this place 
is obvious from the definite result of positive induction which was 
observed immediately on the termination of the inhibitory stimulus 
at this point alone. In remoter places the inhibition was exhibited 
in a practically unimpeded form, first increasing gradually in strength, 
and then undergoing a prolonged weakening until the normal 
positive effect was restored. It must be noted, however, that the 
individual figures which were averaged exhibited for the first place 
variations much wider than for the intermediate place, and still 
wider than those for the remotest place. It is possible that the 
minor differences between the curves for the different places should 
to a certain extent be attributed to this. On the other hand, it is 
possible that the inconstancy in the separate figures was in itself a 
true expression of the greater fluctuations of the excitability in the 
nearest place, as compared with the remoter ones. 

The following experiments by Dr. Podkopaev, which were per- 
formed on a different dog, give another striking illustration of the 
great complexity of the relations in question. Apparatuses for 
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tactile stimulation of the skin were arranged in linear order along 
one side of the body of this dog as follows : No. 0 on the front paw, 
No. 1 on the shoulder, No. 2 on the chest, No. 3 on the abdomen, 
and No. 4 on the thigh. A positive conditioned alimentary reflex 
was established by stimulation of the front paw (No. 0); the remain- 
ing places (Nos. 1, 2, 3 and 4) were rendered inhibitory, and made 
equal in their action. Immediately after the application of any of 
the inhibitory stimuli, the place producing a positive reflex was 
tested, its normal effect having previously been determined at the 
beginning of the experiment. The experiments to determine the 
effect of each inhibitory place upon the positive ones were performed 
without any stereotyped order in the choice, first one and then 
another being taken. The results cannot, therefore, be attributed 
to any regular changes in the experimental conditions during the 
course of the experiments. 

The following table contains the data for each of three separate 
experiments with each inhibitory stimulus, together with the mean 
figures. The effect of the positive stimulus is expressed as a per- 
centage of its normal magnitude. It should be remembered that 
the excitatory effect of place No. 0 was in all cases tested immediately 
after applying one or other of the inhibitory stimuli. 





After stimula- 133% 


tion of place 128%, | Average 1284% 


Secretory effect No. 1 125% | 
of place No?0 : o 
when tested After stimula- 127% 
immediately tion of place 58%j| ;Average 95% 
after the sti- No. 2 100% 
pear ed ca tegen 
OF She mbr Nea ag a 
bitory places s 
(Nos. 1-4) After stimula- 140% 
tion of place 158%j| Average 143% 
No. 4 127%, 





This table demonstrates clearly that the intensity of excitation 
at the positive place varies considerably, depending on which of 
the inbibitory stimuli was previously applied. When the nearest or 
the remotest place was the one previously stimulated, a definite 
effect of positive induction was readily observed: the secretory 
activity increased considerably as compared with the normal, the 
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latent period became shorter, and frequently the alimentary motor 
reaction became increased in intensity. Moreover, the effect of 
positive induction resulting from stimulation of the remotest place 
was somewhat greater than that resulting from stimulation of the 
nearest one. No influence was observed from stimulation of place 
No. 3, and the effect of stimulation of place No. 2 showed no regu- 
larity, being at one test inhibitory, at another test giving rise to 
positive induction, and at a still further test giving neither effect. 
The similarity between the figures for the three separate determina- 
tions in these experiments (excluding those for place No. 2) was so 
great that there can be no grounds for doubting the accuracy of the 
average figures, and the figures relating to place No. 3 can be taken, 
therefore, as evidence of the existence of an intermediate zone in 
which neither the inhibitory after-effect nor induction was in the 
ascendant. 

We must now consider what this experiment teaches us with 
regard to the intimate functional activity of the cortex. If it is 
assumed that the linear arrangement of the places on the skin 
corresponds with a similar arrangement of projection points in the 
cortex, the result obtained above should be regarded as striking 
evidence of an undulatory distribution of cortical excitability. On 
this view the cortical area over which a nervous process spreads 
must be regarded as an alternation of regions with heightened and 
with diminished excitability, in which now the excitatory and now 
the inhibitory process predominates. These experiments cannot, 
however, be regarded otherwise than as suggestive, and the whole 
hypothesis of the wave-like progression of excitation and inhibition 
cannot be accepted without further and more direct experimental 
proof, especially since it involves so many important and far-reaching 
implications. 

The data brought forward in this lecture tend to show that the 
changes in excitability of different points of the cortex caused by 
external stimuli, and especially those of an inhibitory character, 
proceed in a wave-like manner, both in regard to time for a given 
single place, and in regard to space for different cortical points 
simultaneously. There is nothing surprising in this phenomenon, 
considering that the spread of the nervous processes on the one 
hand and their mutual induction on the other are established facts. 
Considerable difficulties arise, however, when a general rule govern- 
ing the interrelations between the two processes is looked for. At 
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present we are still confronted with a series of unrelated facts, 
which do not explain why in some cases these undulations are present, 
in others absent; why in some cases the spreading inhibition is 
preceded by a positive induction, and why in others the latter is not 
apparent. The available experiments, however, indicate that this 
variability is determined by the co-operation of three factors. These 
are, firstly, the functional peculiarities of the central nervous system 
of the experimental animal cmployed; secondly, the different 
stages of establishment of new connections in the cortex under the 
influence of external stimuli; and thirdly, the form in which such 
connections are established, since, for example, the different types 
of internal inhibition are known to differ considerably as regards 
their intensity and stability. One of the most important problems 
in the future complete analysis of the relations in question must be 
the exact determination of the part played by each of these factors 
in the cortical activity at any given moment, taking into considera- 
tion the relative intensities of the nervous processes involved. Of 
course, the problem can to some extent be dealt with even at present. 
In the experiments which were described a tentative approach to a 
solution of this question could be noticed. This is even more clearly 
revealed in experiments which have been recently conducted and 
are still in progress. In the last four lectures it could be seen that 
the inhibition produced by a stimulus applied at a certain point 
spreads over the analyser, either immediately on the termination of 
the inhibitory stimulus or after a short preliminary period of positive 
induction. For the purpose of determining what happens during 
the actual application of the inhibitory stimulus the following 
special series of experiments was carried out. In these experiments 
other points of the same or of other analysers were tested, not on 
the termination of the inhibitory stimulation, as was hitherto the 
practice, but while the inhibitory stimulation was still in progress, 
i.e. the positive stimulus to be tested was, so to speak, superimposed 
on the background of the inhibitory stimulus. The investigation 
was carried out on four different dogs by Dr. Podkopaev. 

The experiments with extinctive inhibition will be considered 
first. The dog employed was the same which served for the experi- 
ments upon the irradiation of inhibition after a single non-reinforce- 
ment of the conditioned stimulus and after extinction to zero. In 
the present experiments extinction of the conditioned reflex to 
tactile stimulation of a definite place of the skin was carried to zero, 
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The degree of inhibition was tested at two places, one at a distance 
of 1 cm. and the other at a distance of 89cm. The positive stimulus 
was applied at each place at the 30th second of action of the inhibi- 
tory stimulus and the combined stimulus was now continued during 
afurther 30 seconds. The stimulation of the nearer place when 
applied upon the background of the inhibitory stimulus gave 
844% of the secretory effect, while that of the distant place gave 
88%. In other words, the effect was practically the same at both 
places. It will be remembered that when the same places were 
stimulated immediately after the termination of the inhibitory 
stimulus, the nearer point gave 44% and the remoter point 664% 
(page 209). In order to appreciate these results more fully, it must 
be noted that in the case of the simultaneous stimulation of the 
inhibitory, and either of the positive places, the latent period of the 
reflex was considerably reduced, and the alimentary motor reaction 
was more sharply expressed than usually. Both these facts are 
unmistakable evidence of positive induction at all points of the 
analyser, except the one specially extinguished. The somewhat 
diminished secretory effect from the other places should undoubtedly 
be interpreted as the result of an algebraic summation of their effect 
with the effect of the extinguished place. 

In a modification of these experiments another feature of special 
interest was revealed. The extinction to zero produced at a definite 
place of the skin was obtained by repeating the conditioned stimulus 
without reinforcement at intervals of 2 minutes, aud the process of 
extinction was continued to the third zero. At the third zero 
stimulation of another place of the skin was superimposed on the 
stimulation of the inhibitory place. The reflex effect obtained from 
the combined stimulation was in the majority of cases equal to the 
usual effect of the positive stimulus taken singly. Thus it follows 
that an intensification of inhibition still further diminished the 
inhibitory effect upon the surrounding areas during the time the 
inhibitory stimulus lasted (enhanced induction). l 

Another point is also clearly brought out in these experiments. 
As was shown previously (page 209), the reflexes at the two positive 
places in this dog were stil 50% inhibited two minutes after 
extinction of another place to the first zero. But when the action of 
one or another of the positive places was superimposed upon the 
action of the inhibitory stimulus at its third zero, again two minutes 
after the preceding zero, there was no inhibitory after-effect from the 
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preceding extinction. It must be concluded, therefore, that during 
the repeated application of the inhibitory stimulus the inhibition 
again became concentrated at the point at which the inhibitory 
stimulus was applied. The spread of the inhibitory after-effect has 
thus to be regarded as proceeding not during, but entirely or mainly 
after, the termination of the inhibitory stimulus; while during its 
action the surrounding areas of the cortex are, to all evidence, 
subjected to positive induction. 

Similar results were obtained by Dr. Podkopaev in another dog, 
in whieh positive conditioned alimentary reflexes were established 
to a definite tone and to a metronome beating at a rate of 120 per 
minute; an inhibitory reflex based upon differentiation was estab- 
lished to a stimulus of 60 beats of the metronome per minute. 
The tone, when superimposed upon the inhibitory stimulus of the 
metronome, gave out of nine experiments a slight trace of inhibition 
once, a normal effect four times, and an effeet greater than normal 
four times. 

In further experiments on the same problem two more dogs were 
employed. In one of these [experiments of Dr. Golovina] positive 
reflexes were established to a definite tone, to a sound of a whistle, 
and to a tactile stimulus. Three inhibitory reflexes were also 
established, all based on differentiation—one to a definite rate of a 
metronome, another to a tactile stimulus, and the third to flashes 
of a lamp. When all these reflexes were well established, experi- 
ments were performed in which each one of the positive stimuli 
in turn was applied on the background of one of the inhibi- 
tory stimuli. All the tests gave uniform results. A positive 
stimulus combined in this way gave either a normal or else a 
somewhat augmented seeretion, and the latent period was in most 
cases reduced. 

In the second dog [experiments by Dr. Pavlova] positive con- 
ditioned reflexes were established to the sound of a whistle, to a 
sound of bubbling, and to a tactile stimulus. An inhibitory stimulus 
based on differentiation was established to a definite rate of a metro- 
nome. In these experiments each positive stimulus was applied 
several times with the inhibitory stimulus. The results were somewhat 
different from those obtained in the first dog. Although the latent 
period was in most cases reduced, the positive effect of the combined 
stimulus was almost constantly, and sometimes considerably, smaller 
than that obtained with the positive stimulus used singly. In the 
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second dog, therefore, the concentration of the inhibition was not so 
perfect. 

It should be said that the last two dogs possessed functionally 
different types of nervous system. While in the first dog the dif- 
ferentiations were in general very stable and remained unaffected 
by the combined stimulation, in the second dog the differentiation 
was frequently incomplete, and was invariably still further disturbed 
after the experiments with superimposition. 

The series of experiments described in this lecture clearly demon- 
strate that, on the one hand, the positive induction arising as the 
result of an inhibitory stimulus applied to a definite place limits the 
spread of the inhibitory process, and that, on the other hand, the 
interaction between excitation and inhibition is determined either 
by the phase of establishing new relations in the cortex [experiments 
of Dr. Podkopaev] or by the type of nervous system in different 
animals [experiments by Drs. Golovina and Pavlova]. 


LECTURE XIH 


The cortex as a mosaic of functions : (a) Examples of the mosaic character of the 
cortex and the more obvious ways in which this character is acquired. (b) Vari- 
ability of the physiological properties of different points of the cortex in some 
instances, stability in others.—T he cortex as a united complex dynamic system. 


Ir becomes obvious from all the previous discussion that through 
the medium of the cerebral cortex a great number of environmental 
changes establish now positive, now negative, conditioned reflexes, 
and determine in this manner the different effector activities of the 
animal organism and its everyday behaviour. All these conditioned 
reflexes must have definite representation in the cerebral cortex in 
one or another definite group of cells. One such group of cells must 
be connected with one definite activity of the organism, another 
group with another activity : one group may determine a positive 
activity, while another may inhibit an activity. The cerebral 
cortex can accordingly be represented as an exceedingly rich mosaic, 
or as an extremely complicated “ switchboard.” However, inspite of 
its extreme complexity as a switchboard, there are always large 
spaces reserved fòr the development of new connections. Moreover, 
points which are already involved in a definite conditioned activity 
frequently change their physiological rôle and become connected 
with some other activity of the animal. 

The idea of the cerebral cortex as a mosaic of functions is in part 
indicated in the current anatomical and physiological teaching. 
The structural complexity of the specific receptor organs of special 
sense, the rich complexity of the cellular structures of the cortex,. 
and the complexity of their distribution conform quite readily to 
the idea of the mosaic character of the central nervous system. 
The rather rough localization of function which has been achieved 
during the last century of experimental physiology is no less in 
accord with such a conception. The final resolution of the 
many delicate problems involved in this conception is, how- 
ever, a complex and difficult matter; up to the present it has 


been possible only to make the very first attempts towards an 
° 2 
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experimental study of the simplest aspects of the problem, and 
even these aspects demand the utmost skill and resource of the 
inquirer. 

The existence of a localization of function in the cortex is in some 
cases sufficiently proved by the evidence of structure alone, definite 
receptor elements having been shown to stand in connection with 
definite cortical cells. The study of conditioned reflexes has shown, 
however, that a conditioned reflex appears at first in a generalized 
form, i.e. that excitation irradiates from its point of initiation to 
embrace also cells belonging to other receptor clements beyond the 
boundary of the area of the cortex primarily connected with the 
stimulated receptor ; the problem becomes still more complicated 
when we take into account also the subsequent concentration of 
excitation upon its point of initiation. 

Two different problems present themselves for consideration. 
In the first place the question arises how the functional demarcation 
of two positive cortical points each connected with a different uncon- 
ditioned reflex is effected, and in the second place the similar question 
arjses as to the mechanism of the functional demarcation of neigh- 
bouring positive and negative cortical points belonging to the same 
unconditioned reflex. The study of anatomical localization of 
function is obviously of no assistance in solving these problems. 
The investigation of the first question is being conducted at the 
present time, and therefore cannot yet be discussed; our investi- 
gations up to the present have been confined alaost exciusively 
to the second problem, since it is the simpler. 

We shall commence with a simple and obvious case. A positive 
conditioned alimentary reflex was established to a tactile stimulation 
of the skin on the right shoulder, and a negative conditioned reflex to 
a similar stimulation of the skin on the right thigh. After these 
reflexes had been thoroughly established, the effect of a tactile 
stimulation of other places on the skin was tried. The different 
sites of stimulation were: (1) the front paw 17 cms. below the 
positive point on the shoulder ; (2) the side of the animal 12 cms. 
caudally from the positive place on the shoulder; (8) the side of 
the animal 15 cms. in front of the negative place on the thigh ; and 
(4) the hind paw 18 cms. below the negative place on the thigh. 
The salivary secretion was measured during 30 seconds of isolated 
stimulation of each of the above places. The results are summarized 
in the following table : 
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Secretion of 


Conditioned tactile stimulus applied Saliva in 
during 30 seconds drops during 
30 seconds 
Front paw 6 
Shoulder (the positive place) 8 
Point on side nearer to shoulder 7 
Point on side nearer to thigh 3 
Thigh (the negative place) 0 
Hind paw 0 








Similar results were obtained in two other dogs [experiments of 
Dr. Foursikov]. 

It can be seen that under the influence of two definite external 
stimuli, which affected the animal under opposite conditions (one 
reinforced by the unconditioned reflex and the other remaining 
without reinforcement), two perfectly definite and separate points 
within the cutaneous analyser were given, the one excitatory, and the 
other inhibitory, properties. Around each of these points there was 
established a corresponding region of positive or negative influence, 
these regions of positive and negative influence extending towards 
each other, although each maintaining its distinctive properties. 
The smallness of the positive reflex on stimulating the place on the 
side of the animal nearer to the thigh, and the absence of positive 
reflex on stimulating the hind paw, indicate the predominance of 
inhibitory properties in these respective points. In the absence of 
a nucleus of inhibition the positive effect due to the initial generaliza- 
tion would have spread over the whole of the analyser in such a 
manner that the decrement of the positive reflex with increase of 
distance from its point of initial development would have been 
gradual, as was shown in the tenth lecture. 

The experiments described in this lecture show that external 
stimuli evoking antagonistic processes provide the first method by 
which a functional mosaic character of the cortex originates. 
Many other examples of this can be found in the lecture upon the 
analysing function of the cortex. 

More complicated experiments were conducted upon three more 
dogs. In two dogs different tones [experiments of Dr. Siriatsky], 
and in the third dog tactile stimulation of different areas of the skin 
[experiments of Dr. Koupalov], were used as conditioned stimuli, 


222 CONDITIONED REFLEXES 


alternate areas being respectively positive and negative. The object 
of the experiments was to determine the mode of development of 
the mosaic character, the stability and the delicacy of its pattern, the 
interaction of its different points, the effect of stimulation of the 
spaces intermediate between the positive and negative places, and 
the effect of development of such a functional mosaic upon the 
general condition of the animal. Some of the results of these experi- 
ments will be given now, others will be described in further lectures, 
although it should be mentioned that the investigations are still being 
pursued. In one dog all the tones C of five neighbouring octaves 
of an organ (64-1024 d.v.) were used as positive conditioned alimen- 
tary stimuli, while all the tones F (85}-13654 d.v.) were used as 
inhibitory conditioned stimuli. In the following tables the respective 
C’s and F’s are designated according to Helmholtz’s scale. The 
following experiment illustrates the final result obtained with 
one dog: 


Conditioned stimulus Salivary 


Time li i Secretion in 

dnmg | drops during 

30 seconds 
11.32 a.m. c 9 
11.44 ,, o” 94 
11.53 ,, F (negative) 0 
12.1 pm. Cc 10 
12.13 ,, e” 10 
12.22 , Í” (negative) 0 
12.34 ,, Cc 9} 
12.47 ,, f’ (negative) 0 
12.59 ,, Cc 9 


In the second dog different tones from f (170% d.v.) to f’ sharp 
(360 d.v.) were used in alternate order as positive and negative con- 
ditioned stimuli. e’ sharp (335 d.v.) was given the properties of an 
excitatory stimulus, e’ (320 d.v.) properties of an inhibitory stimulus, 
ce’ (256 d.v.) excitatory, a (213$ d.v.) inhibitory, g (192 d.v.) ex- 
citatory and f (170% d.v.) inhibitory, these tones being enumerated 
in descending order. As can be seen, the intervals between the 
respective positive and negative tones were in this dog irregular, 
and smaller than in the first dog. The final stage of development of 
the reflex is shown in the following experiment : 
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Salivary 
Time Conditioned stimulus Secretion in 
applied during 30 seconds | drops during 
30 seconds 
2.2 p.m. g (positive) 10 
29 = ,, f’ sharp (positive) 8 
2.164 ,, e’ (negative) 0 
2.24 ,, c’ (positive) 74 
2.34 ,, a (negative) 0 
2.43 ,, g (positive 7 
2.51 ,, f (negative) 0 
2.564 ,, g (positive) 6 


In the third dog the conditioned alimentary reflexes were tactile. 
The apparatuses used for the stimulation were always arranged in 
strictly identical positions along a line extending along the left 
side from the hind leg along the whole length of the body to the left 
leg, the apparatuses being set at a distance of 12 cms. from each 
other measured from the centre of one apparatus to the next. The 
stimulated places are numbered in order from No. 1, the left hind 
leg, to No. 9, the left fore leg. Stimulations of the places represented 
by odd numbers were given excitatory properties, and stimulations 
of the places represented by even numbers inhibitory properties. 
The following is a typical experiment : 


Salivary 


Time ° Conditioned stimulation Secretion in 
applied during 30 seconds drops during 
30 seconds 
12.10 p.m. Tactile No. 7 9 
12.18 ,, Tactile No. 5 104 
12.30 _,, Tactile No. 4 (negative) $ 
12.34 _,, Tactile No. 5 4 
12.43 ,, Tactile No. 7 6 
12.49 ,, Tactile No. 3 6} 
12.59 ,, Tactile No. 6 (negative) 0 
1.3 ,„ Tactile No. 7 6 
18 _s,, Tactile No. 7 54 
1.16 ,, Tactile No. 2 (negative) 


The development of this functional mosaic of the cortex presented. 
at the beginning some difficulty, but with continuation of the ex- 
periments it grew progressively easier. The reflexes were developed 
not simultaneously but in succession. One of the most interesting 
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points brought out by these experiments was the spontaneous 
development in the first and third dogs, in the final stages, of some 
new reflexes, and it is important to note that the new conditioned 
properties in these cases developed within the region of the anta- 
gonistic nervous processes. In the case of the first dog the positive 
conditioned reflex to c” was of very long standing. In one experiment 
this tone ce” evoked a secretion of 8 drops during 30 seconds, while 
on the contrary f” even on its first application failed to produce any 
positive effect. This inclined us to regard f” as inhibitory from the 
start, and the truth of such an assumption was definitely proved in 
an experiment on the following day, when, f” being used as the first 
stimulus, it not only remained without any positive effect but also 
left a considerable inhibitory after-effect, so that the positive reflex 
to the succeeding stimulus c” became very much diminished. It 
is obvious therefore that f” assumed its inhibitory properties spon- 
taneously, without requiring any contrasting, but to all appearance 
simply in virtue of its situation in the neighbourhood of the positive 
cortical point corresponding to c”. The same phenomenon repeated 
itself with c”, which when tested for the very first time gave 
a positive effect apparently in virtue of its proximity to the 
negative f”. 

In the third dog, with tactile conditioned reflexes, the places 
Nos. 1 and 9 also developed their full positive effect spontaneously 
without any previous reinforcement, but most probably in virtue 
of being within the sphere of influence of the previously estab- 
lished negative places Nos. 2 and 8, 

Clearly these facts should be interpreted as due to mutual 
induction initiated by the pre-existing points of excitation and 
inhibition in regular alternation. These experiments show us why 
any rhythmic activity is performed more easily and less exhaustingly 
than an arhythmic one. The experiments on all three dogs showed 
us that in the case of a regular alternation of positive and inhibitory 
stimuli all the reflexes were exceedingly precise. In some cases such 
a regular alternation leads even within one experimental day to a 
more and more precise functional localization of positive and negative 
cortical points. This can, of course, most clearly be demonstrated 
in cases where at the beginning of the experiment the effect of the 
different points was lacking in precision. The following results were 
obtained with the dog in which tactile stimuli were employed as the 
alternating excitatory and inhibitory conditioned stimuli; the 
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experiment was performed before the negative stimuli became well 
established : 





wine Conditioned Srimala during — "_ Seoretion had 
sends | 30 seconds 30 seconde’ 
1.3 p.m. Tactile No. 1 | 174 
1.12 , Tactile No. 2 (negative) 8 
1.19 ,, Tactile No. 3 14 
1.26 ,, Tactile No. 4 (negative) 4 
1.34 , Tactile No. 5 f 10 
1.44 , Tactile No. 6 (negative) | 4 
1.53 , Tactile No. 7 74 
27 ,, Tactile No. 8 (negative) 0 
2.23 ,, Tactile No. 9 6 





The following is another example of an experiment on the 
first dog taken at the time when the reflexes were not yet quite 
regular : 








Secretion of 
Time Conditioned stimulus during Saliva in 
30 seconds drops during 
3^ seconds 
10.50 a.m. c (128 d.v.) 5 
10.59 ,, c (128 d.v.) 7 
11.16 ,, c' (256 d.v.) į All 3 
11.26 „ > c' (256 d.v.) stimuli 7 
11.38 ,, c” (512 d.v.) | positive 5 
11.50 c” (512 d.v.) 2 
12.1 p-m. c (128 d.v.) 4 
The same dog after 3 days : 
11.50 a.m. c (128 d.v.) T 
11.59 ,, F (854 d.v.) (negative) 0 
12.12 p.m. ce’ (256 d.v.) 6 
12.20 ,, : „ (1708 d.v.) (negative) 0 
12.31 ,„ ” (512 d.v.) 6 
12.42 ,, 3 Hasa d.v.) (negative) 0 
12.58 ,, (128 d.v.) 6 


The above experiments indicate that the mutual induction of 
the antagonistic nervous processes of excitation and inhibition 
should be regarded as the second contributing factor to the develop- 
ment of a mosaic of functions in the cerebral cortex. 

A.P. P 
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The same dogs were used to determine the extensity of the 
excitatory and inhibitory processes around the respective points of 
stimulation, and to determine also whether there existed any mosaic 
of neutral territory interwoven with the mosaic of excitation and 
inhibition. For this purpose, in the dogs in which a mosaic of tones 
was established, other tones werc used intermediate between the 
tones which had been given positive or negative significance, and 
the effect produced by these intermediate tones was observed. A 
positive effect, in the form of a salivary secretion, was a direct 
evidence of the tone having definite excitatory properties. An 
absence of secretory effect, on the contrary, gave no special indication 
whether the tone had any inhibitory conditioned properties or was 
merely neutral, and special experiments had to be made to test 
whether such tones left any inhibitory after-effect or exhibited any 
effect of positive induction. In the following experiment, between 
the positive tone 256 d.v. and the negative tone 320 d.v. three 
tones were taken: 2662, 288 and 3032 d.v. respectively. 





Salivary 
Time Conditioned stimulus applied Secretion in 
during 30 seconds drops during 
30 seconds 
unison of 9th October, 1925. 
1.22 p.m. c’ (256 d.v.) 10 
1.30 ,, e (820 d.v.) (negative) , 0 
1.40 c’ (256 d.v.) 7 
1.50 ,, d’ (288 d.v.) 0 
1.524 ,, Tactile 4 
Experiment of 14th October, 1925. 
12.50 p.m. f (192 d.v.) 10 
12.56 , (1704 d.v.) 9 
LI n e’ (320 d.v.) (negative) 0 
115 ,, c’ (256 d.v.) 10 
1.25 ,, ce’ sharp (266§ d.v.) 3 
Experiment of 20th October, 1925. 
2.14 p.m. Tactile 4 
2.20 ,, t sh arp (360 d.v.) 13 
2.33 ,„ S pa 20 d. "n (negative) 0 
2.40 ,, oe 6 d.v. 10 
2.48 ,, e me C d.v.) 0 
2.504 ,, Tac 2 
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The above experiments show that the tones intermediate between 
the positive c’ and the negative e’, namely, the tone d’ and the semi- 
tones c’ sharp and ec’ flat, assumed a-different significance.’ The 
semitone c’ sharp produced a definite though comparatively small 
positive effect, i.e. it still belonged to the excitatory region of c’; on 
the other hand the tone d’ and the semitone e’ flat at the first glance 
were equal in their effect, since both gave a zero secretion. It was 
only by testing their inhibitory after-effect that a difference between 
these two tones could be revealed. The conditioned tactile stimulus 
when applied two minutes after the use of the semitone e’ flat 
diminished in its effect by 50%, i.e. it was under the influence of the 
inhibitory after-effect. When, however, tested under precisely the 
same conditions after the tone d’ the tactile stimulus gave a full 

. positive effect. The semitone e’ flat, therefore, belonged unquestion- 
ably to the region of the inhibitory e’; the tone d’, however, either 
was entirely neutral or else carried much weaker inhibitory properties, 
an alternative which can be finally settled only by more delicate 
experiments. The whole question of the possible existence of 
completely neutral points in the cortex is being further inves- 
tigated. 

It was mentioned in the first lecture and again in the beginning 
of the present lecture that additions can always be made in any 
pattern of the functional mosaic both with respect to its extent and 
its complexity. Moreover it is subject also to frequent recon- 
struction, one and the same point changing its physiological 
significance and becoming connected successively with different 
physiological activities of the organism. In respect to this we 
have only one series of experiments, conducted by Dr. Friedman, 
as follows : 

One and the same agent served at first as a conditioned alimentary 
stimulus, later it was transformed into a conditioned stimulus for 
acid ; reversely, old conditioned stimuli to acid were transformed 
into alimentary ones. Two dogs were used for experiments with 
the first set of transformations, and a third dog was -used for the 
second set. The transformation of conditioned stimuli was effected 
by the substitution of one unconditioned reflex for the other. The 
following is the general sequence of events : The conditioned stimulus, 
on transition from one unconditioned reflex to another very quickly, 
even. within a single experimental day, loses its secretory effect and 
gives a series of zeros for a comparatively long time; only after 
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considerable practice with the new unconditioned stimulus does it 
gradually reassume excitatory properties, and these now belong to a 
conditioned reflex based on the new unconditioned one, as shown by 
the very definite change in the composition of the saliva secreted 
by the submaxillary gland and in the character of the motor 
reaction. The complete replacement of the one conditioned reflex 
by the other required about 30 reinforcements by the new uncon- 
ditioned stimulus. After a considerable practice of the condi- 
tioned reflexes to acid the conditioned stimuli were once more 
transformed back again into alimentary ones; the transformation 
occurred rapidly and only a few reinforcements were needed. This 
indicates that the original alimentary connection was still preserved 
in spite of the establishment of a new connection with the reflex 
to acid. 

However, the main interest of the experiments of Dr. Friedman 
lay in the investigation whether a differentiation which had been 
established for the conditioned stimulus to one reflex would be 
preserved after its transformation. A detailed description of an 
experiment will be given in respect to one dog only, since the experi- 
ments with all three dogs gave identical results. The alimentary 
conditioned stimulus in this dog was given by the tone of 2600 d.v. ; 
a precise differentiation from this tone was established to the neigh- 
bourcing tone of 2324 d.v. The positive conditioned alimentary 
reflex was now transformed into a conditioned reflex to acid, and 
when the differentiation was tested it was found from its very first 
application to be complete and to exert the same inhibitory after- 
effect as before. A new and more precise differentiation was now 
established on the basis of the “acid” reflex to a note a semitone 
higher than the original positive tone, i.e. 2760 d.v., and it was 
found that when the tone of 2600 d.v. was transformed back 
again into a conditioned alimentary stimulus this new and finer 
differentiation also retained its precision. 

In the course of the preceding lectures we had occasion to refer 
to the fact that one and the same point of the cortex could, in 
accordance with the given experimental conditions, be a point of 
origin either of excitation or of inhibition. These transformations 
of the physiological significance of a definite cortical point are 
attained with comparative ease and are effected with considerable 
rapidity both in respect of positive and of negative stimuli (experi- 
ments with induction, p. 194), and in respect of their ultimate con- 
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nection with one or another unconditioned reflex (experiments just 
described). However, amongst our material we have a number of 
cases in which the definite positive or negative quality of some region 
of the cortex, or even a temporary correlation between the two 
processes, assumed an exceedingly persistent character which could 
be changed only with great difficulty, or even failed to be changed. 
These cases were met with in the experiments of Dr. Frolov upon 
conditioned positive and negative trace reflexes. The results of 
these experiments were of such unique character that it is necessary 
to describe them in detail. In the case of one dog a trace conditioned 
reflex to acid was established to a tone of 1740 d.v. produced by an 
organ pipe: the tone was continued for 15 seconds and the acid was 
administered after a pause of 30 seconds. This trace reflex was 
repeated 994 times in the course of one year and nine months. Its 
latent period, counting from the beginning of the tone, was equal 
to very nearly 25 seconds (10 seconds reckoned from the cessation 
of the tone). After the termination of the investigation originally 
planned it was resolved to abolish the trace character of the reflex 
and to give it the character of a delayed reflex, evoking the positive 
secretory effect during the action of the tone, and not some time 
after its termination. For this purpose acid was administered at 
the 15th second after the beginning of the tone. After twenty 
reinforcements with this new interval it was still found that, not only 
did the reflex fail to appear during the 15 seconds of the isolated 
action of the tone, but even the administration of acid at the 15th 
second evoked a secretion only after the old latent period of 25 
seconds from the beginning of the tone. The use of other auditory 
stimuli in place of the tone did not alter the result, and when the 
tone and the other auditory stimuli were protracted for 45 seconds 
_ without the administration of acid the secretion always started at 
about the 25th second from the beginning and then increased rapidly, 
giving about 10 drops during the remaining 20 seconds of isolated 
action of the conditioned stimulus. After this failure to diminish 
the latent period, the stimulus was reinforced practically simul- 
taneously, ¢.¢. two seconds after the beginning of the tone preceding 
the reinforcement. Nevertheless, even after several score of repeti- 
tions the conditioned secretion started only after a latent period 
of 20-25 seconds from the beginning of the tone; this latent period 
could not be changed whether the acid was administered at the 2nd 
second or whether the tone was continued singly for a much greater 
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length of time. The last experiment performed in this series is given 
in the following table: 








Length of time of isolated 
action of the conditioned 
stimulus before 
reinforcement with acid 


Latent period 
of the Salivary 
Secretion 
in seconds 





Time 







1.12 p.m. 
1.24 ,, 


1.31 ,, 45 ne 23 
1.40 ,, 2 32 
1.54 ,, 15 seconds followed by a 

pause of 30 seconds 25 


A conditioned alimentary reflex to a tone f sharp of a tone 
variator was now developed in this dog, but the latent period of this 
reflex also could not be reduced below 24 seconds, and it was only 
when a tactile stimulation was used as a conditioned stimulus and 
reinforced with acid after 2 seconds that a closer approximation to a 
simultaneous alimentary reflex was at last obtained. At the twenty- 
fourth test the reflex was measured by 12 drops during 30 seconds, 
with a latent period of 2 seconds. 

A similar persistence of a thoroughly established cortical in- 
hibition was observed in the case of another dog. The trace of a 
tone of 1740 double vibrations produced by an organ pipe was used 
as a conditioned inhibitor to the positive conditioned stimulus of a 
metronome beating at a rate of 104 per minute. The trace of the 
tone even after one minute still exerted a full inhibition upon the 
reflex to the metronome. Such an inhibition had to be developed 
of course gradually, starting with recent traces of only a few seconds. 
The experiments were conducted with this conditioned inhibition 
for well over two years, and the tone, besides serving as a conditioned 
trace inhibitor, was also differentiated from other tones, which, of 
course, led to an extreme intensification of its inhibitory properties. 
At the termination of these experiments the animal was used for 
another rescarch in which it was desired to develop a positive con- 
ditioned reflex to a sound of a microphone which happened to be 
practically identical in pitch with the tone which had served as the 
conditigned inhibitor in the first series of experiments. The positive 
conditioned reflex refused for a long time to develop, and when the 
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metronome was tested shortly after the sound of the microphone 
had been applied a most powerful conditioned inhibition was revealed. 
The experiments were now modified so that the inhibitory combina- 
tion of the microphone with the metronome was directly reinforced 
by the unconditioned stimulus; in other words, a procedure was 
adopted which exactly reversed that employed for the development 
of the conditioned inhibition to the original trace of the tone. The 
inhibitory combination now quickly acquired excitatory properties, 
and somewhat later the sound of the microphone applied singly 
acquired a positive significance of its own. However, the tone of the 
organ pipe which had been originally developed as the conditioned 
inhibitor did not acquire a positive character; neither did it lose 
its inhibitory properties: these had to be destroyed by the same 
method as was used for the destruction of those of the microphone, 
but the process occupied a much longer time. 

These cases of extreme stability of the inhibitory process must 
be regarded as exceptional. It is very probable that the intensity 
of inhibition in these cases was favoured by some special con- 
ditions of the experiments, and it is possible that this exceptional 
persistence of the inhibitory process can be correlated with the 
experiments upon hypnotism and sleep which will be described 
further on. 

Along with these cases of an extremely stable ‘‘inhibitability ” of 
definite points of the cerebral cortex must be placed a case of a 
similarly stable excitability. In an experiment by Dr. Bierman a 
well-established conditioned alimentary reflex, to the tone of 
256 double vibrations produced by an organ pipe, was differentiated 
from twenty-two separate and distinct tones ranging in pitch from 768 
d.v. to 85 d.v., the tone of 256 d.v. (c’) being always accompanied 
by food while all the others remained unreinforced. The positive 
tone was contrasted in each experiment several times with one or other 
of the negative tones. In this manner the positive cortical point 
became surrounded by a series of inhibitory points. However, this 
apparent encircling of the positive point by inhibitory ones did not 
lead to a diminution of the effect of the positive tone ; on the contrary 
it led to its extreme intensification. When in subsequent experiments 
the animal was experimentally subjected to a profound physiological 
sleep, so that, for example, shrill whistling and banging on the door 
of the experimental room containing the dog did not awaken it, the 
positive conditioned tone awakened the animal immediately and 
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evoked a full conditioned secretion. Experimental proof will be 
given in further lectures that sleep itself is nothing but a form of 
internal inhibition. and from this point of view the experiment just 
described must be regarded as a case of extreme stability of the 
excitatory proccss in a definite point of the cerebral cortex which 
successfully resists the surrounding inhibition. 

The foregoing discussion of the experimental evidence permits 
us to regard the activities of the cerebral hemispheres as a true 
mosaic of functions. All the numerous individual cortical points, 
each at any definite moment, have some very definite physiological 
significance, while the whole mosaic of functions is integrated into 
a complex dynamic system and perpetually achieves a unification 
of the individual activities. Every new localized influence playing 
upon it influences to a greater or less extent the entire system. 
Consider, for example, a dog which possesses at any given moment 
a definite number of conditioned reflexes. The addition of new posi- 
tive, and especially of new negative, reflexes exercises, in the great 
majority of cases an immediate, though temporary, influence upon 
the older reflexes [experiments of Dr. Anrep]. Further, even when 
no new reflexes are added, and it is only a rigidly adopted sequence 
of their order which is changed, their magnitude undergoes distinct 
diminution. showing a considerable predominance of inhibition. In 
the following experiment by Dr. Soloveichik a dog was subjected 
at intervals of 10 minutes to the conditioned alimentary stimuli of 
a metronome, an electric lamp, a whistle and a tactile stimulus, 
always repeated in this order in every experiment. The following 
table gives the results of the final experiment with this order of the 
stimuli : 


Salivary 
Time Conditioned stimulus Secretion in 
during 15 seconds drops during 
15 seconds 
3.9 p.m. Metronome 4 
3.19 ,, Electric lamp 4 
3.29 ,, Whistle 4 
3.39 , Tactile 4 
3.49 , Metronome 5 
3.59 Electric lamp 3 
49 |. Whistle 14 
4.19 2 


» Tactile 
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In an experiment on the following day the order of the stimuli 
was changed. 














Salivary 
Time Conditioned stimulus Secretion in 
during 15 seconds drops during 
15 seconds 
2.24 p.m. Electric lamp 24 
2.34 , Whistle Trace 
2.44 ,, Tactile 2 
2.54 ,, Metronome 1 
34 , Electric lamp 2 
3.14 _,, Whistle $ 
3.24 , Tactile 0 
3.34 ,, Metronome Trace 


The diminution in the magnitude of the conditioned reflexes 
observed when the order of their administration is changed sometimes 
appears immediately, as in the foregoing experiment, and in other 
cases becomes more obvious in the succeeding experiment when the 
stimuli are again applied in their usual order. The diminution con- 
tinues for several days, and then the reflexes quickly return to their 
normal magnitude. Such a diminution in the strength of the 
reflexes as occurred towards the end of the first experiment given 
above (3.59, 4.9, 4.19 p.m.) is of frequent occurrence and will be 
more fully discussed in the next lecture. 


LECTURE XIV 


The development of inhibition in the cortex under the influence of conditioned 
stimuli. 


ConDITIONED stimuli, acting as they undoubtedly do through the 
intermediation of definite cortical cells, provide the obvious means 
whereby the physiological characteristics of these cortical cells 
can be studied. One of the most important of these properties 
is that under the influence of conditioned stimuli they pass, sooner 
or later, into inhibition. In the previous lectures upon internal 
inhibition it was shown that in all cases when a positive conditioned 
stimulus repeatedly remains unreinforced, it acquires inhibitory 
properties, i.e. the corresponding cortical cells enter under its in- 
fluence into a state of inhibition. The present lecture will be devoted 
to the study of the intimate mechanism of this phenomenon, and 
of the part played therein by the unconditioned reflex and by 
other conditions which retard or accelerate the development of this 
inhibitory state. 

The transition of the cortical cells into an inhibitory state is of 
much more general significance than could be inferred from the facts 
which have been discussed up to the present, concerning the develop- 
ment of internal inhibition. The development of inhibition in the 
case of conditioned reflexes which remain without reinforcement 
must be considered only as a special instance of a more general 
case, since a state of inhibition can develop also when the con- 
ditioned reflexes are reinforced. The cortical cells under the 
influence of the conditioned stimulus always tend to pass, though 
sometimes very slowly, into a state of inhibition. The function 
performed by the unconditioned reflex after the conditioned reflex 
has become established is merely to retard the development of 
inhibition. 

The following is the most commonly occurring example of this 
phenomenon: We are dealing, we will suppose, with a conditioned 
reflex which is delayed by 30 seconds, i.e. a reflex in which the 

234 


DEVELOPMENT OF INHIBITION 235 


conditioned stimulus acts singly for exactly 30 seconds before the 
addition of the unconditioned stimulus. Let us suppose that when 
the reflex is well established its so-called latent period—the interval 
of time from the beginning of the conditioned stimulus to the onset 
of the secretion—is equal to five seconds. Now this latent period 
remains practically unaltered for a certain length of time, which 
varies greatly in different dogs. As time goes on the latent period 
lengthens out, and finally during the 30 seconds of the isolated action 
of the conditioned stimulus no trace of salivary secretion is produced. 
It is, however, only necessary to delay the administration of the 
unconditioned stimulus by a further 5-10 seconds for secretion again 
to be obtained during the prolongation of the isolated action of the 
conditioned stimulus. On continuing the experiment for some time 
as before, ¢.e. with a delay of 30 seconds, and then again introducing 
a delay increased by a further 5-10 seconds, no conditioned secretion 
is obtained any more. In order to obtain a conditioned secretion 
the administration of the unconditioned stimulus must be delayed 
for a still greater length of time. Finally a stage is reached when 
no conditioned secretion can be obtained during any length of 
isolated action of the conditioned stimulus. This gradual dis- 
appearance of the conditioned secretion in reflexes with a con- 
stant delay occupies very different periods of time in different 
dogs. In some it takes only days or weeks, and in others it 
takes several years. The conditioned secretion disappears later 
with tactile, thin with thermal, later still with visual, stimuli 
and latest of all with auditory stimuli, especially if the latter are 
discontinuous. 

The following is an example of the relative differences between the 
various conditioned stimuli with respect to the rapidity of transition 
of the cortical elements into an inhibitory state under the influence 
of a definite delay [experiments of Dr. Shishlo]. The first con- 
ditioned stimulus which was developed in a particular dog was one 
belonging to the tactile analyser: the administration of food was 
usually delayed 10 seconds from the beginning of the tactile stimulus, 
but on rare occasions a 30 seconds’ delay was introduced. The reflex 
first appeared at the 27th stimulation, and within five weeks, after 
179 stimulations, the reflex became stable at 8 drops during one 
minute. The development of a second alimentary conditioned 
reflex to a thermal cutaneous stimulus of 45° was now commenced, 
the normal period of delay being as before 10 seconds. This reflex 
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developed quickly, and when at the twelfth stimulation a delay of 
30 seconds was introduced a secretion of 4 drops was obtained. 
On continuation of the usual reinforcement applied 10 seconds 
after the beginning of the thermal stimulus the reflex rapidly 
diminished in strength and at the 33rd test, when the delay was 
specially prolonged to one mimute, only one drop of secretion was 
obtained. 

The following observation leaves no doubt that the disappearance 
of the conditioned reflex, notwithstanding its invariable reinforce- 
ment, is an expression of a progressive development of inhibition 
in the cortical elements. When an effective positive conditioned 
stimulus is applied shortly after the application of a conditioned 
stimulus which has, as described, just lost its positive properties, the 
resulting reflex suffers a diminution. Similarly, when one among a 
number of conditioned stimuli has lost its positive effect its disuse 
in the experiments leads to an increase in the effect of the remaining 
stimuli. To my mind such results can only be interpreted on the 
assumption that real inhibitory properties have been, acquired by 
those stimuli which have lost their positive effect. This phenomenon 
should not be confused with what was previously described as the 
result of internal inhibition of delay. The inhibition of delay is 
revealed by the so-called latent period which is observed in every 
conditioned reflex and which remains unchanged for a considerable 
period of time. The phenomenon which is being described here, on 
the other hand, is characterized by its invariable progressiveness. 
The inhibitory state of the cortical elements under the influence of 
conditioned stimuli develops more quickly with longer delayed 
reflexes; the longer the isolated application of the conditioned 
stimulus the quicker the development of the inhibition. For example, 
it often happens that a reflex with a delay of 10 seconds remains 
unchanged in its strength for a very ccnsiderable time and thus 
permits of exact experimentation ; the same reflex when delayed to 
30 seconds quickly becomes unsuitable for experiments through the 
progressive development of inhibition. Such a case is taken from 
experiments by Dr. Petrova : 

A dog has a conditioned alimentary reflex established to the 
sound of a metronome, and throughout the whole period of work 
the reflex which has been delayed for 10 seconds remains constant 
in strength. The following experiment has been chosen at 
random : 
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Conditioned stimulus ¿ Salivary $ 
Time applied during Seeretion in 


10 seconds drops during 
10 seconds 
3.0 p.m. Metronome 0 
3.35 , M 1 
3.47 , š; 2 
42 ,„ “i 2 
4.9 n ” 3 
4.20 ” ” 2 





As soon as the isolated application of the conditioned stimulus 
is prolonged to 30 seconds the reflex becomes inconstant in strength, 
and on repetition diminishes to zero during the time of one single 
experiment. 


” 


| Conditioned stimulus | _ Salivary. 
Time applied during Secretion in 
30 seconds drops during 
30 seconds 
2.55 p.m. Metronome 6 
$5. +5 17 
3.20 ,, ” 4 
3.30 ,, $ 4 
3.35 ” ” 2 
3.45 ,, | 0 





The above two experiments were conducted with an interval 
of one day. > 

In view of the great variations existing between individual dogs 
it has been found very useful, and sometimes essential, to employ 
in different dogs, reflexes which are delayed by different lengths 
of time. It now becomes obvious why the long-delayed reflexes 
develop only with difficulty and why during the beginning of our 
work they could be obtained only in some of the dogs. Moreover, 
it becomes easy to understand why in many of the experiments 
previously described the positive alimentary conditioned reflexes 
diminish during a single experiment and in some cases after only a 
single application—as in the experiment on page 232 of the previous 
lecture.: This diminution is due to the repetition of the conditioned 
stimulus and not to any other factor, such, for example, as a gradual 
satiation of the animal during the experiment in the case of alimentary 
reflexes. The latter is obviously not the case, since on repeating 
any one of the established conditioned stimuli, only the effect pro- 
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duced by that one becomes diminished, while other conditioned 
stimuli may preserve their full effect up to the very end of the 
experiment. When a definite positive conditioned stimulus has 
already shown a tendency to assume inhibitory properties, then 
after a short interval in the experiments, or even at the beginning 
of a day’s experiment, its first application produces a considerable 
secretion, but on repetition the stimulus quickly diminishes in its 
effect and becomes inhibitory in spite of its being reinforced 
at every application. 

It is in the interest of the experimenter for most of the experiments 
to have at his disposal reflexes of a constant intensity. To obtain 
such reflexes itis necessary in many cases to fight against the pro- 
gressive tendency of conditioned reflexes to undergo inhibition. At 
first on purely empirical grounds, and subsequently more rationally, 
a number of ways of combating this inconvenience were evolved. 
For obvious reasons the more effective of these methods were such 
as established conditions exactly the reverse of those which led to 
the progressive diminution of the conditioned reflexes. Foremost 
among such methods was the introduction of an occasional abrupt 
shortening of the length of isolated action of the conditioned stimulus. 
If, for example, the reflex originally has been delayed, 30 seconds, 
the practice is now adopted. of reinforcing at the 3rd to 5th second. 
Of course, during this short period. of time the conditioned stimulus 
cannot evoke a measurable reflex, and very often no salivary secretion 
whatever can be observed during so short a period of delay. The 
short delay, however, is only introduced as a temporary expedient, 
being, so to speak, only a therapeutic measure applied for the purpose 
of regenerating the conditioned reflex. Afterwards, when the usual 
30 seconds’ delay is restored, it is found that the reflex is as strong 
and as constant as in the beginning. Itis useful to make this return 
from the short-delayed reflex to the long-delayed one by stages, 
only gradually increasing the length of the isolated action of the 
conditioned stimulus. The efficacy of this method, measured by 
the permanence of the reconstituted reflex, depends upon the degree 
of weakening of the conditioned reflex, upon the time during which 
this weakness is allowed to persist, and upon the length of time during 
which the short delay is practised as a therapeutic measure. A 
short period of practice restores the reflexes only to a small degree 
and for a short time. Where a profound weakening of the reflex has 
been allowed to persist for a very long time, the method which has 
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just been described, and which is, generally speaking, very effective, 
no longer suffices, as will be shown presently, to restore the reflex. 

A conditioned reflex which has become weakened in the course 
of long practice can be helped towards recovery by avoiding any 
numerous repetitions of the conditioned stimulus within a single 
experiment, and, if possible, confining the use of the stimulus to 
single applications. A similar beneficial effect results from a simple 
interruption, even for a few days, in the work upon the weakened 
conditioned reflexes. 

Besides these there are several subsidiary methods, as,for example, 
to increase the strength of some of the conditioned stimuli or to 
increase their number, by the summation of positive induction, or 
finally by increasing the strength of the unconditioned stimuli. At 
present, however, interest centres mainly in the direct methods 
referred to above. 

There are cases where the extent of the diminution in the strength 
of conditioned reflexes is such that none of the above methods can 
be of any help—all positive conditioned reflexes simply disappear. 
The animal grows inert in the stand during the experiment, and 
even declines the food which is given after application of the 
conditioned stimulus. This ean be observed even with dogs which 
have served, on account of the stability of the conditioned reflexes, 
for extremely exact experimentation during a period of many years. 

What is to be done with an animal in such a condition ? In the 
earlier period of dur work such a dog would undoubtedly have been 
discarded as one which could be of no further use for our purpose. 
Now, on the other hand, the condition of such a dog is regarded as 
calling for further investigation, which, as a matter of fact, can easily 
be carried out. It is sufficient to stop the use of all the old conditioned 
stimuli, and to develop instead conditioned reflexes to new stimuli, 
for the seemingly insurmountable difficulty to disappear. The new 
conditioned reflexes develop extremely quickly, and this is not 
surprising since all the extraneous reflexes which originally interfered 
with the development of conditioned reflexes have long since dis- 
appeared. The newly developed reflexes quickly attain a maximal 
and constant strength, and the animal entirely returns to its original 
condition and can be used for further experimentation. In view of 
the extreme importance of this fact I shall describe in greater detail 
the history of one of the dogs [experiments by Dr. Podkopaev]. 

Experiments with this dog were started in June, 1921. One after 
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another different positive and negative conditioned reflexes were 
established. Among these were several reflexes to tactile stimulation 
of different places of the skin (designated by numbers in the succeeding 
tables). All the reflexes were extremely constant in their magnitude 
and in the length of their latent period, and the dog was used during 
several years for experiments on various problems. The following 
example illustrates the strength of the positive reflexes as tested in 
an experiment of 30th August, 1922: 





Conditioned stimulus Salivary . 
Time applied during Secretion in | Latent period 
30 seconds drops during in seconds 
30 seconds 

12.30 p.m. Tactile No. 1 14 2 
1.10 ,, Tactile No. 2 14} 3 
1.20 ,, Tactile No. 3 14 3 
1.25 ,, Metronome 144 3 
1.33 , Tactile No. 4 134 6 
1.39 ,, Tactile No. 4 13 3 


An experiment performed on the 6th August, 1923, involving 
various positive stimuli and a conditioned inhibitor gave the 
following results : 


Conditioned stimulus Salivary. ; 
Time applied during Secretion ir. | Latent period 
30 seconds drops during in seconds 
30 seconds 
10.20 a.m. Tactile No. 4 ll 2 
10.28 , Tactile No. 8 + tone 0 - 
10.33 , Tactile No. 5 114 5 
10.40 , Tactile No. 5 10 5 





An experiment of 12th June, 1924, with the positive reflexes and 
a negative one (conditioned inhibition, but with a different inhibitor) 
resulted as follows : 








Conditioned stimulus Salivary, , 
Time applied during Secretion in | Latent period 
30 seconds drops during in seconds 
30 seconds 

10.33 a.m. Tactile No. 1 34 7 
10.42 ,, Tactile No. 8+lamp 0 - 
10.433 ,, Tactile No. 1 3 10 
10.49 _,, Metronome 54 7 
10.56 ,, Tactile No. 8 2 12 
11.8 , Tactile No. 8 1 23 
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Towards the end of 1924 the stimuli very often had a zero effect 
and the dog no longer took immediately the food which was pre- 
sented. Several expedients were tried in order to get rid of this 
increasing inhibition. Instead of tactile stimuli auditory ones were 
mainly used, and instead of long delays very short ones ; intervals 
of as much as a month and a half were made between experiments ; 
an increase in the strength of the unconditioned stimuli was tried ; 
and the animal was kept on the floor during the experiments, instead 
of in the stand. Any beneficial effect produced by these methods . 
was only fleeting : the animal became more and more languid and 
often altogether declincd food given after the application of con- 
ditioned stimuli. This state of the animal persisted throughout the 
whole of the year 1925. At the end of 1925 the use of all the old 
conditioned stimuli was abandoned and new ones were introduced. 
This procedure led to a quick and definite change in the condition 
of the animal. It again became alert, and immediately took food 
on presentation at the end of the application of the new conditioned 
stimuli. The conditioned reflexes were quickly established and 
reached a constant and considerable strength, while the latent 
periods returned to normal. These results remained steady in 
subsequent experimentation. The following is an early experiment 
during this phase, performed on the 21st January, 1926. The 
reflexes in this experiment are delayed by 15 seconds, and an 
attempt is made to reinstate among the new conditioned stimuli 
one of the old ones to the sound of a metronome. 











~ | 
Conditioned stunulus 
Time applied during 
5 seconds 


Secretion in 
drops during 
15 seconds 


Latent period 
in seconds 








9.43 a.m. Intermittent flashes of lamp 











3 3 

9.55 ,, Bubbling sound 6 2 
104 = ,, Crackling sound 21 G 
10.10 ,, Metronome 4 2 
10.15 ,, Bubbling sound 3 4 
10.22 ,, Intermittent flashcs of lamp 3 3 





The differences in the magnitude of the conditioned reflexes in the 
above experiment depend to a certain extent on the different stages 
of development which they have reached. 

The general significance of these experiments is obvious. The 
isolated action of the conditioned stimulus, even though followed by 
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the unconditioned, leads to the development of a state of inhibition 
in the cortical elements, and this development is the quicker the 
greater the length of isolated action of each single conditioned stimu- 
lus and the more often such a stimulus is used. It thus becomes 
apparent that the difference between the process of development 
of inhibition as studied in the early lectures with respect to different 
cases of internal inhibition and in those cases which have just been 
described is not of fundamental importance ; although in most cases 
very substantial it is obviously only one of degree. In those cases 
in which the conditioned stimulus remains unreinforced the inhibitory 
process develops very quickly ; in those cases with reinforcement 
which have just been described the development of the inhibitory 
process is usually delayed—sometimes so considerably that its 
development may even remain unsuspected. Only in very rare 
cases is the rate of development of inhibition in both groups of 
experiments nearly or completely identical. 

We now come to the problem as to the mechanism by which uncon- 
ditioned stimuli retard the development of the type of inhibition 
which we are now considering. In the second lecture we saw that 
conditioned reflexes do not develop when the unconditioned stimulus 
precedes the neutral agent which is required to be made into a con- 
ditioned stimulus. This is probably a result of external inhibition, 
the strong excitation produced by the unconditioned stimulus 
leading to inhibition of that cortical area which is but weakly excited 
as a result of the application of the neutral stimulus. If this be 
the case, the question arises whether the unconditioned stimulus 
similarly produces external inhibition of the cortical areas corre- 
sponding to an already established conditioned reflex. To test this 
point experiments were performed as follows : 

A firmly established conditioned stimulus was superimposed 
on the background of the reinforcing unconditioned stimulus, t.e. 
the unconditioned stimulus was applied first and the previously 
established conditioned stimulus was applied only after the effect 
of the unconditioned stimulus had become apparent. This mode 
of experimentation was continued for several weeks or months on 
many dogs. The results were without exception uniform : the con- 
ditioned reflex never kept its original strength, but either weakened 
considerably or else disappeared altogether. 

The stronger and the more practised the conditioned reflexes 
were, the more slowly they disappeared under this treatment, 


DEVELOPMENT OF INHIBITION 243 


whereas weak and recently established reflexes lost their conditioned 
properties very quickly. The following experiment by Dr. Solovei- 
chik gives an illustration of this case. 

The dog employed had many strongly developed alimentary 
conditioned reflexes, each of which gave upwards of 20 drops of 
saliva during 30 seconds. 

The establishment of a new reflex to a hissing sound was now 
begun. This reflex developed very quickly, and counting from the 
sixth application to the eleventh it gave secretions of 10, 8, 13, 9, 9 
and 104 drops during 30 seconds. Altogether only eleven reinforce- 
ments were made, after which the conditioned stimulus of the hissing 
sound was superimposed upon the unconditioned. The application 
was repeated in this way fifty-four times in the course of thirty-two 
successive days. The following table shows the trial of the hissing 
sound after the fifty-fourth superimposition : 














| Salivary Secre- 
Time Conditioned stimulus applied tion in drops Motor reaction 
during 30 seconds during 
30 seconds 

2.28 p.m. Buzzer 20 Alimen 
2.35 p Flashes of lamp 9 7 m 
244 ,, Hissing sound after ad- 

ministration of food — — 
2.53 ,, Hissing sound before ad- Investigatory 

ministration of food 0 reflex only 
32 Metronome 16 Alimentary 
3.10 ,, Whistle 11 sy 


It is thus clear that the administration of the unconditioned 
stimulus results in an inhibitory state of those cortical elements on 
which the conditioned reflex depends—these cortical cells becoming 
temporarily unresponsive to their normal exciting stimulus. The 
above experiment does not, however, disclose the inner mechanism 
determining the difference in rate of development of inhibition of 
the cortical elements in the case of reinforcement and non-reinforce- 
ment. 

The sum of all the periods of action of a positive stimulus 
required for the development of inhibition without reinforcement is 
usually incomparably less than that of the periods of isolated action 
of the same stimulus with reinforcement. It fellows therefore that the 
transition of the excited cortical elements into an inhibitory state 
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is not determined hy the aggregate duration of the isolated stimulus. 
It is, however. probable that the excitation in the case of non- 
reinforcement persists for a long time after the cessation of the 
isolated action of the conditioned stimulus, while in the case ot rein- 
forcement the excitation is curtailed from the beginning of the 
unconditioned stimulus. The aggregate duration of the excitation 
produced by the stimulus may, therefore, be the determining factor, 
but other explanations are possible and the matter cannot be decided 
without further experimentation. 

The fundamental fact in all these experiments, which repeats 
itself time after time, is the transition sooner or later into inhibition 
of the state of the cortical elements acted upon by the conditioned 
stimulus. So far as concerns all the experimental evidence at 
our disposal up to the present, this transition must be regarded 
as depending on a functional exhaustion of the cortical elements as 
a result of their activity in response to a stimulus. Such an exhaus- 
tion would obviously be dependent upon the duration and intensity 
of this activity. On the other hand it is also obvious that the process 
of inhibition cannot be regarded as identical with such functional 
auto-destruction of the cortical elements, since a state of inhibition 
which is initiated in an active cell spreads to other cortical elements 
which were not active and which were not therefore functionally 
exhausted. 

The rate at which cortical elements become subjected to inhibition 
in the case without reinforcement fits in with the extreme sensitivity 
which they exemplify in their extreme need for constant nutrition, 
being, as is well known, finally and irreparably destroyed by an 
arrest of the blood supply far sooner than any other tissue of the 
body. It is in complete harmony also with the conception of the 
cerebral cortex as a signalling apparatus. The fact that the uncon- 
ditioned stimulus which is signalled induces during its action an 
inhibition in the cortex is only an artistic finishing touch to the 
efficiency of the machine. I may permit myself to use the analogy 
of an efficient and watchful signalman who after having performed 
his responsible duties has to be provided with an immediate rest 
during which he is refreshed, so that he may afterwards perform 
his task again with the same efficiency as before. 

Another question arises whether there exists such a minimal 
period of isolated action of a conditioned stimulus as does not lead 
in time to a progressive development of inhibition in the cortical 
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elements. The details of this problem are receiving a full experi- 
mental investigation in our laboratories at present, but there are 
some experiments already performed which have a probable bearing 
upon it. In dogs which had had for a very considerable time con- 
ditioned reflexes delayed by 30 seconds, and in which the conditioned 
stimuli still retained their full effect, all the reflexes were transformed 
into almost simultaneous ones by reinforcement 1 to 2 seconds after 
the beginning of the conditioned stimulus. This modification in 
the procedure immediately began to reflect itself on the secretory 
and motor components of these reflexes, bringing about also a dis- 
turbance of the previous balance in strength between positive and 
negative conditioned reflexes. The magnitude of the positive reflexes 
increased considerably, while the negative reflexes were to a large 
extent dis-inhibited ; in other words excitation began to predominate 
over inhibition [experiments of Dr. Petrova and Dr. Kreps]. The 
following is the method used by Dr. Kreps : 

The dog, in view of an especially exaggerated tendency to in- 
hibition, was not kept in its stand during the experiments, but was 
kept on the floor. Among other conditioned reflexes this dog pos- 
sessed a positive alimentary reflex to 132 beats per minute of a 
metronome, while a rate of 144 beats per minute served as the 
stimulus to a precise and stable differentiation. A considerable time 
before the experiment a conditioned inhibition had been established 
in which flashes of a lamp acted as the conditioned inhibitor to a 
rate of 120 beats'per minute of the metronome. The conditioned 
inhibition was absolute, but had not been used for a considerable 
time. All the reflexes were delayed 30 seconds. These delayed 
conditioned alimentary reflexes were now transformed into simul- 
taneous ones, the food being presented one second only after the 
administration of the conditioned stimulus. The modification in 
the mode of reinforcement led to a disappearance of the conditioned 
inhibition, which could not be re-established in spite of 100 applica- 
tions of the inhibitory combination during 36 days. The ditferentia- 
tion of the metronome, which was absolute before the transformation 
of the reflexes into simultaneous ones, was also dis-inhibited, and 
in the succeeding 33 repetitions which were performed within 
13 days the differentiation continued to be unsatisfactory (3 
drops as against 6 to 7 of the positive reflex). On returning to 
the delay of 30 seconds with all the reflexes, the differentiation again 
became absolute during the very first day, and the conditioned 
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inhibition was completely re-established after 3 days, as shown 
by the following table : 


. Conditioned stimulus during Secretion in 
Time 30 seconds drops during 
30 seconds 

1.6 p.m. Metronome, 120 beats 7 
I 10 »”» 33 ” 5 
I 20 as ” »” 6 
1.26 ,, 7 »  +flashes of lamp 0 
1.33 ,, Metronome, 120 beats 6 
1.38 ,, ” 6 
1.45 m » +flashes of lamp 0 





On transforming the reflexes again into simultaneous ones the 
conditioned inhibition was almost completely dis-inhibited after 
only three repetitions of the simultaneous reinforcement. 

It remains still to be determined whether in the experiments just 
described, in which the conditioned stimulus is almost immediately 
followed by the unconditioned, there will be no tendency towards 
a progressive development of inhibition with prolonged practice, 
or whether the apparent vigour of the reflexes will be only temporary 
and will, though much later, nevertheless be superseded by inhibition. 

Hand in hand with the exhaustion of the cortical elements there 
goes of course their recovery. We should expect, therefore, that 
the inhibition which appears to stand in some kind of relation to 
functional exhaustion of the cortical elements should disappear with 
their functional recovery. This expectation fits the case of spon- 
taneous recovery of extinguished conditioned reflexes which after 
some interval of time return to their normal strength. Regarded 
from this point of view it becomes more easy to understand how the 
slowly developing inhibition on repetition of the reinforced condi- 
tioned reflexes is replaced by a temporary return of the delayed 
reflexes to their original strength when a period of very short delays 
is introduced or when a considerable interval is made between ex- 
periments. By shortening the period of isolated action of the con- 
ditioned stimulus in the one case, or by completely avoiding for a 
time any repetition of the excitation in the other case, the functional 
exhaustion of the cortical elements is diminished and a better oppor- 
tunity is afforded for complete recovery. 

Experiments are now being performed with the object of specially 
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studying the restoration of conditioned reflexes in the case of 
experimental extinction, and in the case of the gradual spontaneous 
development of inhibition occurring in spite of reinforcement. An 
example of such an experiment may be taken from a research by 
Dr. Speransky. 

Amongst others the following serve as positive conditioned 
alimentary stimuli: beats of a metronome, intensification of the 
general illumination of the room, the sound of a whistle, and the 
appearance of a circle. The acoustic reflexes were somewhat stronger 
than the visual ones, giving 10 to 12 drops during 30 seconds preceding 
reinforcement while the visual ones gave only 6 to 8drops. The stimuli 
were all applied at intervals of 10 minutes and always in the above 
order. In every experiment all the stimuli were repeated once or 
twice. Following a series of experiments of this type the next 
experiment would consist in stimulation by the metronome alone. 
Twelve successive applications were made at intervals of 10 minutes, 
each being reinforced. The first two applications gave 12 and 11 
drops of salivary secretion respectively during their isolated action, 
while the last two gave 9 drops each. It is thus seen that simple 
repetition of the stimulus led to a diminution in its effect by 25%. On 
the following day a similar experiment was conducted, but the interval 
between the stimuli was made very much shorter, being only 1} 
minutes. The use of such short intervals was possible only because 
in this particular dog the secretion caused by the reinforcement with 
food finished extremely quickly and, as had been found by previous 
determinations, well within the 1} minutes. In this variation 
of the experiment the reflex which measured 11 drops on the first 
stimulation became diminished to 43 drops on the third stimulation 
(diminution by 60%), to 2 drops on the 8th stimulation (diminution 
by 82%); passing with more or less regular undulations of 2, 5, and 
7 drops, it gave on the 22nd stimulation only one drop and then no 
secretion at all, the dog even refusing food after the last three 
stimuli. When the visual stimulus of increased illumination of the 
room was applied 14 minutes after the last stimulation by the metro- 
nome a reflex of 24 drops of secretion was produced, and the animal 
took the food. Moreover, when food was given without a previous 
conditioned stimulus the animal devoured it with avidity. On the 
next day a return was made to the original method of application 
of all the conditioned stimuli at intervals of 10 minutes. The 
metronome was the first stimulus to be applied and gave 6} drops. 
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On introducing a second stimulation by the metronome as the 5th 
stimulus the secretion obtained was only 1} drops. Finally, intro- 
duced a third time as the 9th stimulus, the metronome did not produce 
any secretion at all. In this experiment the secretion given by the 
other stimuli, although slightly below normal on their first application, 
did not greatly diminish on repetition. The reflex to the metronome 
was found to be restored to its usual intensity on the following day, 
and now it showed no further tendency to diminish on repetition. 
The foregoing experiment presents many points of interest. It is 
seen that one and the same stimulus which is constantly reinforced 
and repeated many times at long intervals of time loses only little 
of its effect : the same stimulus when applied at short intervals of 
time quickly diminishes in its effect at first, then after a wave-like 
variation it ends by giving a complete zero of secretory and motor re- 
actions, the animal declining food after the conditioned stimuli. In 
spite of this, another and usually much weaker stimulus immediately 
evokes hoth secretory and motor eficcts. The fact that the animal 
in the stand consumed with avidity a large amount of food when 
not preceded by the conditioned stimulus shows that satiety of the 
animal plaved no part. Relating the effect of the beats of the metro- 
nome to different states of the cortical elements it must be concluded 
that in the case of frequent stimulation these elements get functionally 
exhausted and have insufficient time for recovery, so that after a 
preliminary oscillation which may be regarded as a struggle between 
excitation and inhibition the cortical elements pass completely into 
inhibition. The weaker visual stimulus diminishes considerably in 
its effect after the disappearance of the conditioned reflex to the 
stronger stimulus of the metronome. On the following day the 
cortical elements which are stimulated by the metronome are still 
not fully recovered and pass again into inhibition when the stimulus 
is repeated. This inhibition is of the same character as the internal 
inhibition which has been described in previous lectures, and it 
exhibits the same properties of irradiating to other cortical elements 
which were not primarily involved. The experiment shows that the 
inhibition irradiating to neighbouring cortical elements standing in 
connection with other conditioned stimuli leads to a diminution of 
their positive effect, exactly as was described for internal inhibition. 
That the inhibition in the neighbouring cortical elements is really 
duc to an irradiation of the primary inhibition is evidenced by the 
fact that on repetition of the stimuli they do not show such a 


DEVELOPMENT OF INHIBITION 249 


d 


rapid diminution in their effect as is observed in the case of the 
metronome. On the third day the cortical elements related to the 
metronome became almost entirely functionally restored. 

The observations described in this lecture open up many important 
problems, and in the first instance the question of rapidity of recovery 
from the inhibitory effect of different stimuli during complete rest 
and during activity, the effect upon this recovery of reinforcement, 
and so on. Besides these comparatively straightforward problems 
there are more complex and more difficult ones. It is obvious that 
only certain cases of the development or disappearance of inhibition 
can be brought into relation with a supposed functional exhaustion 
and recovery of the cortical elements, and we cannot interpret in 
this fashion the cases of permanent and unvarying inhibitions in 
which the activity of the cortex is so rich—for example, all cases 
where an established inhibitory conditioned stimulus evokes an 
inhibition of the cortical elements directly and without a preceding 
phase of excitation—as, for instance, in the case of differentiation 
and conditioned inhibition. The problem presented by inhibitions 
of the latter type becomes still more complicated when we remember 
that those points of the cortex which become the centres of such 
direct inhibitions are never transformed into centres for excitation, 
even though the experiments are interrupted for weeks and months. 


LECTURE XV 


Internal inhibition and sleep as one and the same process with reyard to their 
intimate mechanism. 
In the last lecture we arrived at the very important conclusion that 
under the influence of our conditioned stimuli the cortical elements 
invariably enter sooner or later into an inhibitory state. With 
frequent repetitions of the stimuli this happens extremely quickly, 
and it may legitimately be regarded as an expression of the fact 
that the cortical elements, which represent the highest point of 
development of the nervous system, are extremely sensitive and 
therefore are functionally exhausted with comparative ease. The 
progressively developing inhibition, which itself cannot be regarded 
as a functional exhaustion, but which is a result of exhaustion, 
assumes the rôle of a protector of the cortical elements, preventing 
any excessive fatigue or dangerous functional destruction of this 
highly sensitive structure. During the period when the cells are in 
a state of inhibition, being free from activity the cortical elements 
recover their normal state. This applies to all the cellular structures 
of the cortex equally, and therefore under conditions in which a 
great number of cortical points are repeatedly entering into a state 
of excitation the whole of the cortex may be expected sooner or later 
to become subjected to inhibition. Such a state of widely spread 
inhibition actually does occur, exactly in the same manner as in 
the case of individual cortical elements, and is familiar to all of 
us as the common and everyday occurrence of sleep. The complete 
and continuous proof of this contention is spread over the whole 
of our twenty-five years’ work upon the hemispheres, and at the 
present time no part of the physiology of the hemispheres studied 
by the method of conditioned reflexes is better substantiated. 
Drowsiness and sleep were met with in our experimental animals 
from the very beginning of our work, and we have been obliged to 
direct our attention towards them continually. This, of course, has 
led to the collection of an immense number of facts, which were 
bound in different phases of our experimentation to receive many 
250 
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different interpretations. However, already for many years all these 
varied interpretations have been fused into a final one harmonizing 
with all the facts at our disposal. This conclusion is, in essence, 
that sleep and what we call internal inhibition are one and the same 
process. 

The fundamental condition of the appearance and development 
of internal inhibition and sleep is exactly the same. It consists in 
the more or less prolonged or many times repeated isolated action 
of a conditioned stimulus producing stimulation of the cellular 
structures in the cortex. In all cases of internal inhibition which 
were discussed in the fourth to the seventh lectures drowsiness and 
sleep were met with continually. In the case of extinction of a 
conditioned reflex some animals even at the first extinction 
showed not only a disappearance of the conditioned secretory and 
corresponding motor reaction but also a great dullness as compared 
with the normal state of the anima! before the extinction. Repetition 
of extinctions, in the course of a number of days, even if all the con- 
ditioned stimuli were reinforced in between, led in every case to an 
obvious drowsiness and even sleep of the animal in its stand, though 
no such symptoms had ever previously been observed. The same 
happens, but to a much greater extent, in the development of differen- 
tiation. To take an example. An animal has conditioned reflexes 
established to different stimuli, including one to a definite musical 
tone. During the whole period of work the animal remains alert. 
The development of a differentiation of a tone close to the positive 
one is now started, and it is noticed that during the process the 
animal gets drowsy. The drowsiness gradually increases, and 
often culminates in a deep sleep with a complete relaxation of the 
skeletal muscles, and snoring, so that when now other positive 
conditioned stimuli are administered and reinforced by food it is 
necessary to stir up the animal and even to introduce the food forcibly 
into its mouth to initiate the act of eating. Exactly the same thing 
happens in the case of development of long-delayed reflexes (for 
example, with a delay of three minutes), and in the early period of 
our work this interfered with our researches, for, being not yet 
thoroughly familiar with the technique, it was impossible to obtain 
in some animals the reflex we required, on account of the development 
of sleep. The same happens also in the development of conditioned 
inhibition, but to a smaller extent. 

In all the foregoing cases of internal inhibition sleep develops 
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fairly rapidly, whieh depends on non-reinforcement of the con- 
ditioned stimulus. In the case of the slowly developing internal 
inhibitions produced by the repeated use of reinforced conditioned 
stimuli over a period of months or years, the development of sleep 
is proportionately slower and generally speaking stops short at one 
or other of the intermediate stages between the alert state and sleep 
itself, depending on the dog employed. In this respect the animals 
differ exactly as they differ in respect of rapidity of development of 
the common forms of internal inhibition. 

It is not necessary to give any examples of individual experiments 
upon this transition of internal inhibition into sleep, since all our 
experiments abound with observations showing that internal in- 
hibition invariably passes into sleep unless special precautions are 
taken. As there is practically no stimulus of whatever strength 
that cannot, under certain conditions, become subjected to internal 
inhibition, so also there is none which cannot produce sleep. Very 
powerful electric shocks applied to the skin, when used as conditioned 
alimentary stimuli, led, after many months of use in the experi- 
ments of Dr. Eroféeva, to a progressively increasing internal inhibi- 
tion in spite of continuous reinforcement, and in the experiments 
of Dr. Petrova they became most effectual agents in inducing sleep. 
Similarly, different external agencies in their rôle of concitioned 
stimuli fall into an identical order of classification as regards the 
rapidity with which they lead to internal inhibition and to sleep. 
It was mentioned in the preceding lecture that internal inhibition 
develops most readily with thermal and least readily with auditory 
stimuli; in exactly the same manner sleep develops quickly with 
thermal conditioned reflexes and more slowly and less frequently 
with auditory conditioned reflexes. The interference by sleep in 
the case of thermal conditioned stimuli was indeed so persistent 
and upset the work to so great an extent that in the early period of 
our research I had real difficulty in finding collaborators who would 
agree to work with these stimuli. 

Finally, the length of isolated action of the conditioned stimulus 
was mentioned as a factor determining the development of internal 
inhibition ; so also it is a factor in determining the development of 
sleep. In some dogs, while the conditioned reflex was delayed only 
10 or 15 seconds, the animal remained fully alert during experiments 
spread over years, but so soon as the reflex was delayed for 30 seconds 
drowsiness and sleep appeared. The results of this type of experiment 
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are often truly striking, for the quick transition from full alertness 
into true physiological sleep, due to this seemingly insignificant 
change in the experimental conditions, is amazing. Examples with 
variable length of delay and with variable precision of results are 
strewn over our work in abundance. 

All those methods described in the preceding lecture as retarding 
or abolishing that progressive growth of internal inhibition, which 
develops in the case of frequently repeated conditioned reflexes not- 
withstanding their constant reinforcement, can be used with equal 
efficiency for the purpose of resisting sleep. 

At this point the following question naturally arises: If sleep 
so closely coincides in its appearance and disappearance with internal 
inhibition, how is it that the latter plays such an extremely important 
part during the alert state of the animal, serving for the most delicate 
physiological mechanism of equilibration of the higher organism 
with its environment ? To my mind all the facts which have been 
given in the preceding lectures dispose at once of the apparent 
contradiction. Internal inhibition during the alert state is nothing 
but a scattered sleep, sleep of separate groups of cellular structures ; 
and sleep itself is nothing but internal inhibition which is widely 
irradiated, extending over the whole mass of the hemispheres and 
involving the lower centres of the brain as well. Thus internal 
inhibition in the alert state of the animal represents a regional 
distribution of sleep which is kept within bounds by the antagonistic 
nervous process‘ of excitation. Such a restricting antagonism has 
been illustrated already in the lectures upon the functional mosaic 
of the cortex and upon its analysing activity. 

In the case of extinction the development of sleep is prevented 
only if after extinction the conditioned stimuli are systematically 
reinforced and extinction is not repeated too often. In differentiation 
of stimuli the developing internal inhibition—which tends at first 
to be accompanied by sleep—can only be definitely restricted within 
its own analyser by inserting the inhibitory conditioned stimuli 
between repeated applications of the positive conditioned stimulus. 
In this manner the process of excitation which is repeatedly 
being evoked antagonizes a universal spreading of internal inhibition. 
‘Exactly the same is observed in the case of conditioned inhibition 
and inhibition of delay. In all these cases if the experiment is 
conducted with forethought drowsiness and sleep appear only as 
phasic events during the time when the physiological demarcation 
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between the areas of excitation and inhibition is not yet fully estab- 
lished. However, as soon as the conditions of the experiments lead 
to a prevalence of inhibition sleep again reappears. The following 
is a striking example: In the Iccture upon the functional mosaic 
a dog was mentioned in which a tone served as the stimulus to a 
positive conditioned reflex, while twenty neighbouring tones up and 
down the scale were differentiated as stimuli for negative conditioned 
reflexes. This animal was never inclined to drowsiness or sleep 
when a balance was maintained between the number of repetitions 
of the positive and negative conditioned stimuli, and under these 
conditions the dog always gave full reflexes to the applications of 
the positive stimulus. As soon, however, as the inhibitory tones 
were used several times in succession, the dog quickly fell into such 
profound sleep that even most powerful extraneous stimuli failed 
to awaken it. When a return was made to the interposition of the 
negative conditioned stimuli between applications of the positive 
one, sleep was never observed to develop. In this respect, such 
experiments as have already been mentioned in connection with the 
mosaic character of cortical functions—especially those with the 
use of tactile stimuli—are very instructive. In spite of a tendency 
of tactile conditioned stimuli to favour the development of drowsiness 
and sleep, the dog used by Dr. Koupalov never exhibited any signs 
of drowsiness, although a conditioned tactile mosaic was practised 
in this dog for over two years (p. 223). This was obviously due to 
the inhibition being constantly limited and checked ïn its irradiation 
by the antagonistic excitatory process. Another method of combat- 
ing any wide irradiation of inhibition is to increase the number of 
positive conditioned stimuli, and so check the spread of inhibition 
from its initial points of development. 

The following observation of Dr. Petrova, which to some extent 
also bears on this subject, is more complicated. A long-delayed 
alimentary reflex to a metronome was being developed without the 
previous establishment of a simultaneous reflex : the length of the 
delay was 3 minutes. During several days the dog became more and 
more drowsy, and finally fell into a state ot profound sleep. Obviously 
the inhibition which developed during the first period of action of 
the metronome was so powerful that it prevented the development 
of the phase of excitation which normally precedes reinforcement. 
Five new agencies were now used to develop further alimentary 
conditioned reflexes—these agencies together with the original 
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stimulus were allowed to act for only 5 seconds before reinforcement. 
Drowsiness quickly disappeared and all the reflexes developed with 
ease. The delay before reinforcement was now gradually extended 
in all six reflexes by 5 seconds each day. Corresponding with the 
increase in delay before reinforcement the latent period of the reflexes 
became longer, and finally without any interference of sleep six long- 
delayed reflexes became firmly established, all with a preliminary 
period of inhibition of 1-1} minutes. The process of excitation, 
originating in six different points of the cortex, allowed the inhibi- 
tion to develop only gradually, limiting it both in time and space 
and preventing the development of sleep, 

To the same group as the last belong some further observations 
which were made in only a few dogs, all of them very easily subjected 
to inhibition. These dogs developed drowsiness and sleep simply 
on account of limitation of movements when placed in the stand. 
Sleep could be avoided, at least for some length of time, by conducting 
the experiments with the animals free upon the floor. It is probable 
that under the latter condition stimuli originating within the motor 
apparatus and the skin provided fairly regular foci of excitation 
within the cortex which counteracted to some extent any wide 
irradiation of conditioned inhibition. However, another factor of 
probably greater importance also undoubtedly played a part, and 
to this we shall return later. 

What has been shown to take place in the cortical elements with 
respect to the development of internal inhibition under the influence 
of conditioned stimuli, can be observed to the same extent in the 
case of stimulation of the cortical elements by agents which have 
no special conditioned physiological significance. As has previously 
been mentioned, among the different reflexes the investigatory 
reflex has a special importance. This reflex has a point d'appui in 
the cells of the cortex as well as in the lower parts of the brain. In 
the normal animal the reflex is undoubtedly produced with the active 
co-operation of the cortex. This view is supported by the exquisite 
sensitivity of the reflex, for it is evoked by any minutest change in 
the environment. This is made possible only through the presence 
of the higher analysing activity of the cerebral cortex and is wholly 
unattainable by the lower parts of the brain alone. The investigatory 
reflex, as we know, invariably weakens on repetition, and finally 
disappears altogether. Special experiments conducted in my 
laboratory by Professor Popov showed that the disappearance 
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of the investigatory reflex is based on the development of inhi- 
bition, and is in all details analogous to extinction of conditioned 
reflexes. 

If the agent which is responsible for the investigatory reflex 
ceases, on repetition at frequent intervals of time during one single 
experiment, to call forth the corresponding motor reaction, a pro- 
longation of the interval in the same experiment restores the reaction 
exactly as in the case of extinguished conditioned reflexes. Similarly, 
a definite investigatory reflex which has only just disappeared on 
account of repetition of the stimulus becomes temporarily re-estab- 
lished by an application of some new extra stimulus calling forth 
another investigatory reflex. It follows, therefore, that the ex- 
tinguished investigatory reflex undergoes dis-inhibition exactly as 
do the underlying positive reflexes in cases of internal inhibition. 
If the investigatory reflex to a definite agent is repeatedly evoked 
in the course of a number of days it permanently disappears, just 
as does a systematically non-reinforced conditioned reflex. Finally, 
such an extinguished investigatory reflex can be temporarily re- 
established by administration of stimulants (caffeine) exactly, for 
example, as in the case of conditioned differentiated reflexes (p. 127). 
The inhibition of the investigatory reflex invariably leads to drowsi- 
ness and sleep (even more easily than the inhibition of conditioned 
reflexes). In the following experiments by Dr. Chechoulin the develop- 
ment of inhibition and sleep in the case of the investigatory reflex 
was studied by means of conditioned stimuli. 

The dog used for these experiments had a conditioned alimentary 
reflex established to a whistle. Hissing, bubbling, tactile stimulation 
of the skin and other stimuli were all applied for the first time to 
bring about the investigatory reflex. 











Conditioned Salivary : 
Time stimulus applied | Secretion in | Latent period) Remarks 
during 30 seconds | drops during | in seconds 
30 seconds 
4.7 p.m. Whistle 3 3 Reinforced 
4.15 ,, Whistle 4 3 Reinforced 





Now, beginning from 4.21 p.m., the bubbling sound was repeatedly 
applied during periods of 30 seconds and at intervals of 2 minutes. 
During the first three applications there were movements of orienta- 
tion of the animal in the direction of the sound, and these movements 
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gradually became weaker. With the fourth application the first 
signs of drowsiness made their appearance. Up to the eighth 
repetition the sleep was interrupted at different moments of the 
stimulation. During the eighth and ninth stimulations all movements 
of the animal disappeared. At 4.43 p.m. the sound of bubbling was 
applied for 10 seconds, and then the whistle was added and kept on 
for 30 seconds. This brought about neither motor nor secretory 
reaction and the sleep continued. Administration of food awakened 
the animal; it took the food but even after that it still remained 
drowsy. The experiment with the conditioned stimulus continued 
as follows : 








Conditioned Salivary 
Ti stimulus applied Beoretion i in | Latent period 
Tae during 30 seconds | drops during | in seconds Bemarka 
30 seconds eth OA 
4.53 p.m. Whistle 24 Reinforced 
5.2 Whistle 3 Reinforced 


It should be remembered that this dog was never observed to fall 
asleep in its stand during the usual experiments with conditioned 
reflexes. In the succeeding experiments new agents bringing about 
an investigatory reflex were repeated up to the point of sleep, or 
sometimes only until the stage of disappearance of the motor reaction. 
Twenty-one days after the experiment recorded above tactile stimu- 
lation of the skin was used as the extra stimulus for the investigatory 
reflex, the experiment proceeding as follows : 





, Conditioned stimuli | Secretion | Latent period 
Time of in drops in seconds Remarks 
different duration 


Reinforced 


2.5 p.m. | Whistle, 5 secs. - —. 
2.12 ,, Whistle, 30 secs. 6 | 5 Reinforced 
2.21 ,, Whistle, 5 secs. - | - Reinforced 


The conditioned reflex in the above experiment was twice reinforced 
after only five seconds of the action of the stimulus in order to main- 
tain the normal strength of the reflex to the end of the experiment. 

Starting from 4.25 p.m. an application of the tactile cutaneous 
stimulus was made during 30 seconds and similar applications were 
repeated at intervals of one minute. During the first three applica- 
tions the animal turned its head towards the place on the skin where 
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the tactile stimulus was applied. During the fourth and fifth repeti- 
tions there were no movements at all, but there was no drowsiness 
of the animal. Now, at 4.323 p.m., the tactilo stimulus was applied 
singly during 10 seconds, after which the whistle was added to it and 
both stimuli were continued together during 30 seconds. Fifteen 
seconds after the beginning of the action of the whistle there was a 
commencement of salivary secretion, but during the whole remaining 
period of stimulation only 2 drops were recorded. The experiment 
continued as follows : 














he ] 
i Conditioned stimulus | g, nn; aa 
Time applied during rerun Lern + period Remarks 
30 seconds i g 
i a a a 
2.45 p.m. | Whistle j 5 | 7 | Reinforced 





The experiments show that on repetition the motor component 
of the investigatory reflex gradually diminished, and that, on con- 
tinuing the repetitions further, drowsiness developed and became 
more and more profound, although in some experiments before 
drowsiness appeared the stimulus remained, during a certain interval 
of time, apparently without effect. Nevertheless, superimposition 
of a conditioned stimulus upon the extraneous stimulus showed 
that during the whole period of this apparent ineffectiveness the 
investigatory agent was exerting an inhibitory influence (the 
experiment with the tactile stimulus as extra stimulus). This in- 
hibition of the conditioned stimulus was not due to external inhibition, 
for, so far from producing inhibition of the conditioned reflexes, a 
weakened investigatory reflex actually dis-inhibits them (compare 
the sixth lecture for the action of the investigatory reflex upon the 
two phases of delayed conditioned reflexes). It is obvious therefore 
that inhibition and sleep develop as a result of the repetition of the 
investigatory reflex, in the former case leading to a diminution and 
in the latter to a disappearance of the conditioned reflex (the experi- 
ment with the bubbling sound). 

The same is very well shown also when the experiments are 
conducted on puppies [experiments of Dr. Rosenthal]. On mono- 
tonous repetition of a stimulus under constant environmental 
conditions the puppies fall asleep very quickly and often with sur- 
prising simultaneity. It is, I think, a common experience that man, 
when unuse:] to an intensive mental life, usually falls into drowsiness 
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and sleep when subjected to the accompanying monotonous stimuli, 
however unfortunate such drowsiness or sleep may be as to place 
and as to time. This means, of course, that tho definite cortical 
elements which react to such protracted external stimuli become 
functionally fatigued and. pass into a state of inhibition, which in the 
absence of a counteraction by an excitation of other places, spreads 
over the hemispheres and leads to sleep. The extreme rapidity with 
which the cellular structures of the cortex undergo functional 
fatigue and become subjected to inhibition can be contrasted with 
the persistence of function of the cellular structures of the spinal 
cord and medulla under identical conditions. Experiments by Dr. 
Zeliony in our laboratory showed that while in a normal dog an in- 
vestigatory reflex to a definite sound quickly vanished, the samc 
sound in a dog with extirpated cortex, under identical conditions, 
called forth an investigatory reflex in a stereotyped manner and for 
an unlimited number of times. 

To return again to conditioned reflexes. The development of 
inhibition with its ultimate expression in the form of sleep is due to 
functional fatigue of the cellular structures of the cortex. This is 
borne out by the following observations which were made repeatedly 
in our laboratory. In dogs in which any analyser had been surgically 
damaged, positive conditioned stimuli related to this analyser could 
scarcely be continued even for a very short time singly, since they 
tended quickly to assume inhibitory properties ; quite often they 
never excited any preliminary positive action at all, but behaved as 
inhibitory stimuli from the start. This phenomenon is especially 
constant and easy of demonstration in the case of the damaged 
cutaneous analyser. After extirpation of the gyri coronarius and 
ecto-sylvius anterior (see Fig. 8), positive reflexes to tactile stimula- 
tion of the extremities, pelvis and shoulder became replaced for 
several months by inhibitory reflexes. That the reflexes were now 
truly inhibitory was proved by the fact that positive conditioned 
reflexes related to other analysers showed their full normal effect 
before the application of a tactile stimulus, but diminished in their 
positive effect or lost it altogether after the application of the tactile 
conditioned stimulus. At the same time tactile stimuli quickly and 
easily produced sleep even in dogs which never before the operation 
fell asleep in response to tactile stimuli. These facts often assumed 
the following extremely impressive form. A tactile conditioned stimu- 
lus which was applied to the part of the cutaneous surface related 
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to the damaged portion of the analyser would lead to inhibition 
and sleep, but the same stimulus applied to the skin corresponding 
to the non-damaged portion of the analyser would give a full positive 
effect, leaving the animal fully alert [experiments of Dr. Krasnogorsky, 
Dr. Rosenkov and Dr. Archangelsky]. To the same group of obser- 
vations belong those made in our laboratory during the period of 
shortage in Russia a few years ago. The semi-starved animals could 
not be used for experiments with conditioned reflexes, since all 
positive conditioned stimuli assumed inhibitory properties, and the 
dogs invariably developed sleep exactly in conjunction with the 
application of the conditioned stimuli. Obviously the general mal- 
nutrition of the dog had powerfully affected the functional resistance 
of the cortical elements [experiments of Dr. Frolov, Dr. Rosenthal 
and others]. 

In the examples enumerated up to the present we have had only 
cases of transition of inhibition into sleep, but the reverse can also 
take place, sleep passing into inhibition. To take an example. A 
conditioned reflex delayed by 3 minutes has been established. The 
animal is placed in the stand and is fully alert, but so soon as the 
conditioned stimulus is applied the animal becomes drowsy and no 
salivary secretion is evoked during the whole 3 minutes. When 
food is given at the end of the third minute the animal takes it but 
slowly and reluctantly. The stimulus is repeated several ti:.1vs in the 
same experiment with the usual variations of the interval between 
the applications; at each stimulation the dog becomes more alert 
and the secretion appears at first towards the end of the 3rd minute. 
On further repetition of the stimulation the secretion augments and 
finally the three-minute period of stimulation divides itself approxi- 
mately into two equal parts. In the first part there is no secretion, 
although the animal remains entirely alert ; in the second part there 
is a copious secretion, and at the end of the stimulation the animal 
takes the food promptly and eats it with avidity. In this case the 
widely irradiated inhibition (sleep), which appeared in the beginning 
on account of the preponderance of the inhibition initiated during 
the first part of the action of the conditioned stimulus, gets gradually 
concentrated into a restricted inhibition. This concentrating of the 
inhibition is brought about through the influence of the progressively 
increasing excitation determined by the second part of the action 
of the conditioned stimulus and by the dis-inhibitory effect of rein- 
forcement. i 
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It sometimes happens that the reverse, namely a pure replacement 
of inhibition by sleep, is obtained with the long delay of 3 minutes, 
or even with delays so short as 30 seconds. The animal, which has 
previously kept fully alert in its stand during the experiment, now 
falls asleep, each time exactly at the beginning of the action of the 
conditioned stimulus. The eyes close, the head droops, the whole 
body relaxes and hangs on the loops of the stand, and the animal 
emits an occasional snore. After the lapse of a definite period of 
time—in the short delay 25 seconds or in the case of the long delay 
14-2 minutes—the animal quickly and spontancously awakens and 
exhibits a sharp alimentary motor and salivary reaction. It is 
clear that in this case an inhibition which is generally concentrated 
becomes replaced by diffused inhibition, t.e. sleep. 

Finally, it can also be shown [experiments of Dr. Foursikov] 
that a summation of two distinct and different inhibitions leads to 
sleep. For example, the dog has a well-established long-delayed 
conditioned reflex to a metronome: the length of the delay is 3 
minutes. No salivary secretion occurs during the first two minutes 
of the stimulation, but at the end of the second minute the secretion 
appears, and reaches a maximum towards the end of the third minute. 
An extraneous stimulus of a weak hissing sound is now made to 
accompany the conditioned stimulus. The hissing sound dis-inhibits 
the inhibitory phase of the reflex, while a small motor reaction in 
the form of an investigatory reflex towards the hissing is observed. 
The conditioned reflex is reinforced. On a repetition of this com- 
bination not only does the investigatory reflex to the hissing 
disappear, but the alimentary reflex also, and the animal becomes 
obviously drowsy. This experiment can only be interpreted in the 
following way: The investigatory reflex to hissing undergoes 
extinction on its first application, and now, therefore, the hissing 
sound initiates an inhibitory process. This inhibitory process 
summates with the inhibitory phase of the delayed reflex and streng- 
thens it to such an extent that the excitatory phase of the reflex is 
never allowed to develop, being replaced by general drowsiness of 
the animal. That this is the true interpretation of the experiment 
appears abundantly in the sequel. On the next repetition of the 
conditioned stimulus, and without the addition of the weak hissing 
sound, a regular delayed reflex, with its two phases well pronounced, 
is obtained, and on repeating after this the combination of the 
metronome with the hissing sound the conditioned reflex again 
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disappears and obvious drowsiness takes its place. The following 
are the actual figures of the experiment : 





Secretion in drops 
during successive Remarks 
30 seconds 


Stimulus during 


Time 3 minutes 


4.52 p.m. Mctronome + hissing | 0, 3, 34, 1,0, 34 | Weak investiga- 
tory reflex 

53 , ši 0,0,0, 0,0,0 | No movements 
of animal ; pro- 
nounced. drow- 
siness 

5.15 , Metronome 0,0,0, 0,1,9 | Normal alimen- 
tary reaction ; 
the reflex is 
reinforced 

5.28 , Metronome + hissing | 0,0,0, 0, 0,0 Drowsiness 


In this connection I conceive it useful to draw attention to the 
following interesting point. It is evident that the above experiment, 
together with that of Dr. Chechoulin mentioned previously (p. 256), 
reveals still another phase in the action of extra stimuli upon con- 
ditioned reflexes. A powerful extra stimulus, as will be remembered 
from the sixth lecture, at first brings about through the investigatory 
reflex a complete inhibition of the delayed reflex. On repetition, 
when the investigatory reflex considerably weakens, it brings about 
only dis-inhibition of the first phase of the delayed reflex. Finally, 
as we have just learned, the extra stimulus yet again inhibits the 
reflex, but now by another mechanism : it becomes itself a stimulus 
for a direct initiation of an inhibition in the cortex. A weak extra 
stimulus, as was just shown by the experiment of Dr. Foursikov, 
brings about at first a weak and transitory investigatory reflex and 
so leads on its very first application to dis-inhibition of the delayed 
reflex (4.52 p.m.). Afterwards, the weak extra stimulus itself 
initiates a second, and now direct, inhibition. 

The following general properties of inhibition and sleep also 
uphold our view as to their identity. In the preceding lectures 
abundant evidence was given to establish the fact of irradiation and 
concentration of the inhibitory process within the mass of the cerebral 
cortex, and it was shown that the development of the inhibition 
was extremely slow, being measured by minutes. Moreover, it 
varied in respect to rate in different animals and under different 
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conditions. There is no question but that sleep also does not develop 
instantly. We know from our own experience how drowsiness and 
sleep overtake us only gradually, and how sometimes they spread 
only slowly and with difficulty; and some investigators, indeed, 
have endeavoured to study experimentally the problem of the 
gradual involving of the activity of the different sense organs, and 
its more complex mental concomitants. We know also how variable 
is the rate of transition in human beings between sleep and waking, 
and the same variability has been observed in our experimental 
animals. Moreover, during our lectures it has constantly been 
mentioned how inhibition, which at first develops with difficulty, 
gets reproduced with greater and greater ease upon practice and 
repetition and by using different forms of inhibition. Exactly in 
the same manner, extra stimuli, and conditioned stimuli which upon 
repetition bring about a state of sleep, with practice bring about 
this state more and more easily. 

The following is of special interest. As was discussed previously, 
inhibition induces excitation. Corresponding with this, in some 
animals in which the inhibitory phase of a delayed reflex is replaced 
by sleep, this appearance of sleep is on some occasions preceded by a 
short period of a slight but definite general excitation of the animal. 
The phenomenon is still more obvious and constant when sleep is 
induced under the action of a repeated and prolonged neutral extra 
stimulus. It was often observed in the experiments by Dr. Rosenthal, 
that, when the neutral stimulus evoked definite drowsiness in a 
puppy, and before the animal completely fell asleep, it passed 
through a fleeting phase of excitation, moved about uneasily, 
scratched itself, and barked without any obvious reason, holding 
its nose up into theair. A similar state of general excitation preceding 
sleep, as is well known, often occurs in children. It is legitimate to 
regard such phenomena as an effect of induction. The excitation 
in initial stages of anaesthesia could also perhaps be interpreted 
from this point of view. 

I believe the aggregate of facts given in the present lecture can 
be taken as sufficient proof of the view that sleep and internal 
inhibition are fundamentally one and the same process. I personally 
do not know, up to the present, of a single fact in all our researches 
which contradicts this conception. It is to be deplored, however, 
that we have as yet no reliable graphic method of registration of 
sleep. On some occasions we tried to apply for this purpose a 
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graphic registration of the position of the head of the animal. A 
perfection of some such method for the graphic registration of sleep 
is greatly to be desired, so that the whole evidence regarding sleep 
can be expressed in an exact quantitative manner. 

The details of our normal everyday existence are in full agreement 
with the foregoing interpretation of sleep. Our daily work, for some 
of us a round of exceeding monotony and for others extremely rich 
and varied, in either case must in the end determine an appearance 
of sleep. A prolonged stimulation of one and the same point in the 
cortex leads to a great and profound inhibition, and this irradiates 
widely so as to involve the whole of the cortex and the lower parts 
of the brain. In the case of a varied activity, although no given 
point of the cortex attains such a profound depth of inhibition, yet 
the great number of inhibitory points leads to a widely distributed 
inhibitory state even without wide irradiation, and this also descends 
to affect some of the lower centres of the brain. Of course a great 
number of quickly changing stimuli following in succession may 
often exert a very prolonged and powerful resistance to the general 
dissemination of inhibition over the hemispheres, thus delaying the 
onset of sleep. A well-established rhythm in the changes from wake- 
fulness to sleep and from sleep to wakefulness may determine a 
beginning of sleep even without a sufficient functional fatigue of 
the cellular structures of the cortex. Both cases have had sufficient 
illustration in our experiments, in the analogous relations between 
the excitatory and inhibitory processes. 


LECTURE XVI 


Transition stages between the alert state and complete sleep : hypnotic siages. 


In the last lecture an abundant array of facts was brought forward 
showing that sleep is nothing but internal inhibition which has 
become diffused continuously (i.e. without intervening fields of 
excitation) over the entire cortex and has descended also to some of 
the lower parts of the brain. 

Since, as we know, the spread of inhibition is a gradual process 
involving first a smaller and then a greater area we should expect to 
find different extensities as well as different intensities of sleep or, 
in other words, transition stages between the fully alert state and 
complete sleep. Such transition stages actually exist ; we had many 
opportunities to observe them and to produce them experimentally. 

In our experiments we came across not only the usual form of 
sleep, which is evidenced by an absence of the normal function of 
the cortex and a relaxation of the skeletal muscles (closure of the 
eyes, drooping of the head, sagging limbs, and body limply hanging 
in the loops of the stand), but also a quite different form, so far, at 
any rate, as could, be judged by the condition of the skeletal muscles. 
In this form the activity of the hemispheres is also absent: all 
conditioned stimuli remain without effect, and different extraneous 
stimuli, unless exceptionally powerful, fail to evoke any reaction. 
Nevertheless the animal preserves an entirely alert posture; it 
stands with wide open immovable eyes, head up, extremities ex- 
tended, not seeking support in the loops, remaining motionless 
sometimes for minutes and sometimes for hours. On changing the 
position of an extremity such extremity retains the new position. 
The flexor reflex evoked by touching the planta assumes the character 
of a contracture. The presentation of food brings no reaction and 
the animal continues to remain quite still. This form of inhibition 
was noticed only in a small number of dogs, and up to the present 
we are not in a position to define the special conditions of experi- 
mentation or the special peculiarities of the nervous system which 


are necessary for its production. My collaborator, Dr. Rojansky, 
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has made most careful observations upon the transition of dogs 
from the alert state to sleep, and he finds that the condition just 
described is present in all dogs, though usually only in a fleeting 
form. 

It seems that the physiological interpretation of this state should 
not present any great difficulty: we are dealing with a complete 
inhibition confined exclusively to the cortex, without a concurrent 
descent of the inhibition into the centres regulating equilibrium and 
maintenance of posture (centres of Magnus and de Kleijn) ; in other 
words the animal is in a state of catalepsy. Thus in this form of 
sleep the plane of demarcation between the inhibited regions of 
the brain and the regions which are free from inhibition seems to 
pass just beneath the cerebral cortex. A similar demarcation of 
excitable areas from areas which have undergone complete inhibition 
may exist also between different large areas of the cortex itself, 
producing what may be called a localized sleep. This form of sleep 
was met with frequently, and we are now able to produce it experi- 
mentally as well. On the first occasion it was observed as follows 
[experiments of Dr. Voskressensky]: A dog in which work had 
hitherto proceeded without any interference by sleep began to show 
signs of drowsiness—due to its being frequently left in the stand 
in the experimental room for hours at a stretch without any a»plica- 
tion of conditioned or any other stimuli. Obviously the 1: notony 
of the stimulation by the constant surroundings led finally to a 
development of an intense inhibition involving finally the whole 
of the brain. The inhibitory effect of the environment became so 
strong that the mere introduction of the dog into the experimental 
room had an immediate and obvious inhibitory effect which became 
still more pronounced after the animal was placed in the stand. 
It had to be roused up in all manner of ways to keep it from falling 
fast asleep before the preparations for the experiment had been 
completed (a matter of only a few minutes). When the experimenter 
left the room and. closed the door in order to start the experiment 
from outside, and then without losing a minute began to apply one 
or another conditioned stimulus, the normal conditioned reflex was 
fully present ; a normal secretion of saliva was obtained and the 
animal immediately took the food. When, however, after leaving 
the room an interval was made of 4-5 minutes before the application 
of the first stimulus, this stimulus now produced the following re- 
markable result. The conditioned secretory effect was present and 
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the salivarysecretion was sharply augmented on food being presented ; 
the animal however did not take the food, which in order to effect 
adequate reinforcement had to be placed in its mouth. During this 
time no relaxation of the skeletal muscles could be observed. When 
an interval of ten minutes was made after leaving the room no 
conditioned alimentary reflex could be obtained, and the animal was 
found fast asleep with a relaxed musculature and occasional snoring. 
Only one possible explanation of these observations suggests itself. 
The inhibition must have spread in the first place only over the motor 
area of the cortex, so that excitation could be initiated by a condi- 
tioned stimulus belonging to any other analyser and could spread 
to the salivary gland but not to the muscles—with a resulting one- 
sided alimentary reflex lacking its motor component. Later the 
inhibition spread over the whole mass of the cortex and over the 
lower parts of the brain, bringing about complete sleep with a re- 
laxation of the skeletal muscles. In this experiment the stages of 
a gradually developing sleep were brought about under the influence 
of the protracted action of neutral stimuli upon the hemispheres, 
but more usually this effect appeared as the result of numerous 
applications within a single experiment of negative or positive 
conditioned stimuli, especially if, in the latter case, either the 
intensity of the stimulus was weak or the period of application 
prolonged. The following two examples may serve in illustration : 

In the first example the subject of the experiment was a dog 
which has already been mentioned in previous lectures (p. 231). A 
tone of 256 d.v. was used as a positive conditioned alimentary 
stimulus, while ten neighbouring tones up and ten down the scale 
were differentiated [experiments of Dr. Bierman]. 


Secretion in 


Conditioned stimulus drops during Remarks 


Time during 30 seconds 30 seconds 
3.50 p.m. Tone, 256 d.v. 13 Takes the food 
40 ,, » 426 dv. 0 The animal gra- 
45 ,, » 160 d.v. 0 } dually be- 
4.10 , » 640 dv. 0 comes drowsy 
4.13 ,, » 256 d.v. 9 Does not take 


the food 











The second example is taken from experiments upon a dog which 
had many exceptionally constant alimentary conditioned reflexes. 
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In this case the dissociation between the motor and the secretory 
response was more permanent and occurred even in experiments in 
which the causative inhibitory stimulus was not used. 

A fresh reflex, to the appearance of a grey screen, was established 
and a series of experiments were performed, in each of which the new 
stimulus was repeated many times in succession at short intervals. 
It was now observed that on application of any of the old stimuli, 
though the conditioned secretion was often still considerable, the 
animal did not touch the food presented to it in reinforcement 
[experiments by Dr. Rosenthal]. 





Salivary 
Time Conditioned stimulus Secretion in Remarks 
during 30 seconds drops during 
30 seconds 

3.15 p.m. Metronome 5 

3.18 , Flashes of lamp 7 The animal does not 
3.21 ,, Sound of bubbling 7 touch the food 
3.24 ,, Buzzer 7 


This condition was independent of any application of the grey 
screen in the particular experiment and lasted for a considerable 
time. During the experiment the dog remained almost motionless, 
but there were no obvious signs of sleep. Food presented to the 
animal in the same stand and under precisely the same environmental 
conditions, but without a previous application of a conditioned 
stimulus, was taken with avidity. 

The following chance observation belongs to the same group of 
phenomena. A dog which served for experiments with conditioned 
alimentary reflexes, and which never showed any dissociation of 
the secretory and motor components of the reflex, nor any signs of 
sleep while in the stand, was placed for the very first time in front 
of a large audience for the purpose of a demonstration. The un- 
familiarity of the surroundings had a big effect upon the animal; it 
shivered slightly, and became as though spellbound. On administra- 
tion of the conditioned stimulus the normal secretory effect was 
obtained, but the dog did not take the food, and in a relatively short 
time fell into profound sleep in its stand, right in front of the audience, 
with complete relaxation of the skeletal muscles. Evidently in this 
case the powerful, unusual and protracted extraneous stimulus 
produced at first a partial inhibition affecting only the motor area 
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of the cortex; then the inhibition spread over the whole cortex 
and descended also to the lower parts of the brain. The experiment 
on the whole is similar to those by which so-called animal hypnotism 
is usually demonstrated. For example, a rapid immobilization of 
an animal held on its back also leads to an inhibition which spreads 
to a varying degree in different animals. In some cases a complete 
or partial catalepsy is produced (immobility of the body, but with 
movements of the eyes, head and neck); in others it leads to the 
development of profound sleep. In our laboratory this was observed 
on several occasions. An extremely unruly animal, for example, 
vigorously resisting the preparations for the experiment, would be 
rapidly immobilized by a powerful grasp, associated of course with 
considerable mechanical stimulation, and would fall asleep in its 
stand almost immediately. 

We see in this manner that a partial as well as a complete sleep 
can be produced by weak and protracted neutral stimuli, by short 
but vigorous stimuli, and by negative as well as positive conditioned 
stimuli. I shall have an opportunity of discussing certain further 
details in the next lecture. 

The above experiments demonstrate that the extent of the spread 
in the brain of the diffused inhibition can be small or great, and that 
there may exist different transition stages in the depth of the inhibi- 
tion, or, in other words, different intensities of the diffuse inhibition 
(sleep). 

In the eighth lecture I discussed the mechanism by which, in 
the case of simultaneous conditioned stimuli, a stimulus from one 
analyser is overshadowed by a stimulus from another, and the sug- 
gestion was put forward that this overshadowing might be dependent 
upon the different strengths of the stimuli belonging to the different 
analysers (p. 141). Experiments which have since been performed 
entirely uphold this suggestion. When we intentionally produced 
a considerable change in the strength of our usual conditioned stimuli, 
the auditory being made weaker and the others either remaining 
unchanged or being made stronger, there was a definite reversal of 
the relations previously obtained, the auditory stimuli now partici- 
pating in the stimulatory compound to a smaller extent than the 
other stimuli, 7.e. on isolated application of an auditory stimulus a 
much smaller effect was obtained than on application of any other 
stimulus belonging to the compound. The following are some of 
the experiments : ` 
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In one dog a compound simultaneous conditioned stimulus 
consisted of a tactile and an auditory component, the auditory being 
considerably weakened. Thc compound stimulus, when well estab- 
lished, gave 4-4} drops of saliva during 20 seconds’ isolated action. 
When used separately the auditory component gave a secretion of 
1-1} drops and the tactile 24-5 drops [experiments of Dr. Rickman]. 

In another dog the compound simultaneous conditioned stimulus 
was made up of a 100 candle-power lamp together with the sound of 
a musical tone which was considerably damped. The compound 
stimulus when fully established gave 7-8 drops of saliva during 30 
seconds ; the visual stimulus applied singly gave 5 drops, and the 
auditory gave 2} drops. In an exactly similar manner a thermal 
cutaneous stimulus of 0° C., which was employed with a very weak 
tone to form a compound simultaneous conditioned stimulus, gave 
when applied singly a much greater effect than the tone [experiments 
of Dr. Gantt and Dr. Koupalov]. 

Thus we see that the difference in the intensity of the reflexes 
evoked by the various conditioned stimuli belonging to the different 
analysers is determined by the strength of the stimulus and not by 
any functional difference in the nervous elements of the analysers. 
These experiments give us a method of comparing the intensity of 
stimuli which belong to different analysers. 

Bearing these facts in mind we can begin to study the different 
stages through which the diffused inhibition passes in its development. 
The starting-point for these investigations was provided by a case 
of a pathological state of the nervous system which had been brought 
about experimentally by means of a purely ‘‘ functional (non- 
surgical) interference.” Experimentally produced pathological 
states of the nervous system will be dealt with fully in succeeding 
lectures ; in the present lecture I shall describe only the experiment 
which induced us to pursuc the further investigation of normal 
animals. 

Positive conditioned alimentary reflexes [experiments by Dr. 
Rosenkov] were established to the sound of a whistle, beats of a 
metronome, rhythmic tactile stimulation of the skin at a rate of 
24 per minute, and flashes of an electric lamp; several negative 
reflexes were also established by differentiation, including one to 
tactile stimulation of the same skin area at the rate of 12 per minute. 
The following table gives the figures for the normal effect of the 
positive stimuli : 
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Salivary 
Time Conditioned stimulus during Secretion in 
30 seconds drops during 
30 seconds 
2.3 p.m. Tactile (24 per minute) 3 
2.10 ,, Whistle 5 
2.21 ,, Lamp 2 
2.32 ,, Metronome 34 


On the basis of the previous discussion we may take the strength 
of the stimuli in order from strong to weak as whistle, metronome, 
tactile stimulation and lamp. 

The experiment now proceeded as follows: In between the 
different positive stimuli the differentiated tactile stimulus of 12 
per minute was introduced, being applied during 30 seconds and 
followed without any interval by the positive tactile stimulus of 
24 per minute which was also continued for 30 seconds and then 
reinforced as usual. This seemingly small factor produced an 
extraordinary effect. On the day following this experiment and on 
the succeeding nine days all conditioned refiexes had disappeared 
excepting only for a very occasional small secretion. This period 
was followed by a series of definite successive changes in the condi- 
tioned activity of the brain. The first of these extremely peculiar 
changes is illustrated by the next experiment. 

















Salivary 
Time Conditioned stimulus during Secretion in 
30 seconds drops during 
30 seconds 
11.10 a.m. Whistle 0 
11.19 ,, ” $ 
11.32 ,, Lamp 3 
11.48 , Metronome l 
12.6 p.m.’ Tactile (24 per minute) 54 


The experiment shows exactly the reverse of what was observed 
during the normal state of the animal. The strong stimuli have 
either no effect or only a very small one ; the weak stimuli have a 
greater effect than normal. All positive stimuli were, of course, 
reinforced. This state of the cortex we called the paradoxical 
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phase. The paradoxical phase in this dog continued for fourteen 
days and was then succeeded by the following change : 


Salivary 
Time Conditioned stimulus during Secretion in 
30 seconds drops during 
30 seconds 
10.40 a.m. Tactile (24 per minute) 4 
10.48 ,, Metronome 44 
10.58, Whistle 4 
11.10 ,, Lamp 4 





This was called the phase of equalization, since all the stimuli 
became equal in their effect. The.phase of equalization lasted for 
seven days and was then succeeded by still another phase during 
which the effect of stimuli of medium strength was greatly increased ; 
the effect of the strong stimulus was slightly diminished, while the 
weak stimulus had no effect. After seven days more, all the reflexes 
had returned to their normal value. In the succeeding experiments 
on the same problem, in order to be quite certain, we used different 
intensities of one of the positive stimuli. The results obtained were 
exactly comparable with the results of the previous experiments. 
It thus became obvious that the difference in the reaction to stimuli 
in all these different phases is determined by the relative strength 
of the stimuli. 

In the manner just described was secured the finst direct evidence 
that the cellular structures of the cortex undergo a series of definite 
stages of transition between complete inhibition and normal excita- 
bility, stages which are divulged by the peculiar reactions of the 
cortical elements to the stimuli of different strengths. After the 
study of these transition stages in this obviously pathological state, 
the question arose whether the same stages would be found normally 
during the transition from the alert state to sleep and the reverse. 
It was thought probable that the pathological case just described 
consisted only in an exaggeration and prolongation of events which 
in the normal animal were transient and not so evident, just as was 
the case with catalepsy. Special experiments conducted in this 
direction led to a definitely positive result. The following are some 
illustrations : 

Twenty neighbouring tones had been differentiated from the 
tone acting as a positive stimulus. This dog had also, among many 
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others, two positive conditioned reflexes, differing greatly in intensity, 
to a weak and to a loud crackling sound. The following table gives 
the normal intensity of these two reflexes : 

















Salivary 
Time Conditioned stimulus during Secretion in 
30 seconds drops during 
30 seconds 
2.10 p.m. Loud crackling sound 124 
2.20 ,, Weak crackling sound At 
2.30 ,, Loud crackling sound 11 


The actual experiments proceed as follows. By repeated applica- 
tion of the differentiated tones the animal is rendered definitely 
drowsy ; the weak crackling sound is now applied. The secretory 
effect is absent. The dog awakens during the reinforcement with 
food, which it begins to eat. The next application of the weak 
crackling sound evokes a secretion which is yet small. The reflex 
is again reinforced. A third application of the weak crackling sound 
produces a normal, or in some cases even a Supernormal, secretory 
effect, and the reflex is again reinforced. The strong crackling sound 
is applied next ; its effect is either less than or equal to the last 
effect of the weak sound. It is only somewhat later, when the alert 
state has been fully recovered, that the strong crackling sound 
evokes its full normal effect, and that the normal quantitative 
relations between the two reflexes become restored. The following 
gives one of the actual experiments : 





Salivary 
Time Conditioned stimulus applied Secretion in 
during 30 seconds drops during 
30 seconds 
2.48 p.m. Strong crackling sound 13 


Sleep is now induced in the dog by repeated appli- 
cation of the differentiated inhibitory tones. 


3.17 p.m. Weak crackling sound af 
3. ” »3 + 

3.26 ” ” » 7 
3.32 ,, Loud crackling sound 6 
3.40 ,, Weak crackling sound 5 
3.50 ,, Loud crackling sound 10- 





A.P. 8 
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In some experiments repetition of these stimuli instead of leading 
to a temporary predominance of the effect of the weaker stimulus 
resulted only in an equalization of the effects of the strong and weak 
crackling sounds. Evidently during the gradual dispersion of sleep 
under the action of repeated brief feedings the cortical elements pass 
through the paradoxical phase and the phase of equalization. It 
follows that these experiments are exactly comparable to the 
pathological case which was previously described, excepting that 
the change which took under normal conditions a few minutes 
required in the pathological case many days. 

In another dog a slight drowsiness developed on account of too 
prolonged experimentation. This was accompanied by a complete 
obliteration of the differences in the intensities of the reflexes to 
the different stimuli, so that all the positive conditioned reflexes 
now became equal. With the help of injections of a suitable dose of 
caffeine the dog was brought back to its usual condition of wake- 
fulness, and with this all the normal relations between the intensities 
of the different conditioned reflexes returned. Both experiments 
[by Dr. Zimkin] are given below : 


Salivary 

Time Conditioned stimulus applied Secretion in 

during 30 seconds drops during 

30 seconds 
12.50 p.m. Loud beats of metronome 8 

12.57 ,, Lamp s 74 

14 4, Loud buzzing sound 8 
lll , Weak buzzing sound 8 





On the following day the animal received subcutaneously 8 ce. 
of a 2% solution of caffeine eighteen minutes before the experiment. 
At the time of the experiment the animal was fully alert. 


Salivary 
Time Conditioned stimulus applied Secretion in 
during 30 seconds drops during 
. 30 seconds 
12.18 p.m. Lamp T7 
12.25 ,, Loud beats of metronome 10 
12.32 , Weak buzzing sound 6 
12.39 ,, Weak beats of metronome 74 


12.46 „- Loud buzzing sound 8} 
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In the animal which was previously mentioned in this lecture 
as showing dissociation of the secretory and motor reactions, it was 
often observed that during the period of this dissociation the weakest 
conditioned stimulus (the lamp) was the only one which evoked on 
some occasions a strong salivary reflex, sometimes even bringing 
about both reactions—a normal secretion and motor response, and 
acceptance of the food on reinforcement. It is thus seen that a 
paradoxical phase could be observed also in these cases of a 
limited extent of diffusion of the inhibition [experiments by Dr. 
Rosenthal] . 

A further and quite peculiar condition was observed in some cases 
of intense drowsiness which fell just short of changing into complete 
sleep. When positive conditioned stimuli had nearly lost their 
effect, well-developed negative stimuli, on the other hand, acquired 
definite excitatory properties. The following is an example of such 
an experiment by Dr. Shishlo : 

Positive conditioned alimentary reflexes were established to 
tactile stimulation of the shoulder and of the thigh, and to a thermal 
cutaneous stimulus of 45° C. ; a very constant negative conditioned 
stimulus was also established to a tactile stimulation of a definite 
skin area on the back. The effect of the positive tactile stimuli 
ranged normally from 15-18 drops during one minute. The thermal 
conditioned stimulus began relatively soon to induce drowsiness 
and sleep. The experiment to be described commenced with an 
application of the thermal cutaneous stimulus which led to drowsiness. 
The experiment then proceeded as follows : 





f 


Salivary 
Time Conditioned stimulus during Secretion in Remarks 
one minute drops during 
one minute 





12.29 p.m. Tactile stimulation of The dog re- 
shoulder 1 mains drowsy 

12.39 Tactile stimulation of thigh 2 in spite of re- 

12.50 ,, Tactile stimulation of back `; | inforcement 
(inhibitory) 12 of the reflexes 





A similar conversion of negative stimuli into positive ones was 
also on several occasions observed in pathological conditions. This 
effect is given the name of the ulira-paradoxical phase. 

It thus becomes evident that during the transition from the alert 
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state to complete sleep the hemispheres pass through several different 
stages. Since sleep is nothing but a widely distributed internal 
inhibition, we should expect at least some of these stages to appear 
during the ordinary inhibitory after-effect, which was discussed at 
length in the earlier lectures upon internal inhibition. So far only 
one case has been investigated, namely, conditioned inhibition, and 
this would appear to realize our expectation [experiments by Dr. 
Bikov] : 

Five positive conditioned reflexes were established—to a metro- 
nome, a loud tone, the same tone damped down, the appearance of 
a disc of cardboard, and tactile stimulation of the skin. A conditioned 
inhibition was developed to a combination of a sound of bubbling 
with the action of the tactile stimulus. The mean figures of the 
secretory effect of the five positive stimuli, averaged from a great 
number of experiments, were in the above-mentioned order of the 
stimuli—metronome 22, loud tone 184, soft tone 164, disc 13}, and 
tactile stimulus 10 drops during 30 seconds. The conditioned in- 
hibition having been firmly established, all the conditioned stimuli 
in turn were tested 10 minutes after the application of the inhibitory 
combination. The metronome gave 164, the loud tone 16, the damped 
tone 20, and the disc 18 drops. Taking into consideration the possible 
interferences of irradiation of inhibition and of induction, the only 
point of importance in the present connection is that the effect of 
the weaker tone was considerably above normal, while that of the 
stronger tone was below normal. This reversal in the effect of the 
strong and weak tones can be regarded as evidence of a paradoxical 
phase, since the tone was the same, differing only in strength, and 
both stimuli therefore were obviously related to the same point of 
the cortex. This investigation is at present being continued with 
other types of internal inhibition. 

In the lecture upon mutual induction a suggestion was made that 
external inhibition might be due to negative induction, 7.e. to an 
inhibition which is induced in cortical areas neighbouring on the 
area of excitation. Expressed in another fashion, it was suggested 
that the intimate mechanism underlying external inhibition is 
identical with that underlying internal inhibition. It was hoped to 
test this theory by determining whether external inhibition causes 
similar changes in the reactions of the cortex to those which have 
just been described in the case of internal inhibition. For the purpose 
of this investigation a stimulus was needed which would produce a 
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protracted effect of external inhibition, and use was made of the 
introduction into the animal’s mouth of rejectable substances which, 
as was mentioned previously, produces a prolonged after-effect. 
The experiments were performed upon two dogs, both of which had 
well-established alimentary conditioned reflexes. 

In the first dog [experiments by Dr. Prorokov], after introduction 
of a solution of sodium carbonate, strong and weak conditioned 
stimuli were tested immediately on termination of the secretion due 
to the alkali itself. It was found that at first all the conditioned 
reflexes were inhibited to the same extent, but that within the next 
15-20 minutes the reflexes to the weak stimuli returned to normal 
or even exceeded the normal value, while the strong stimuli were 
either equal in effect to the weaker ones or even gave a considerably 
smaller effect. In the experiment given below a solution of sodium 
carbonate was introduced into the dog’s mouth at 9.41 a.m. 


Salivary Secre- 


Time Conditioned stimulus tion in drops 
during 30 seconds during 
30 seconds 
9.46 a.m. Lamp 0-4 
9.61 ,, Tactile 6-2 
9.56 ,, Loud buzzer 3-0 





Under the usual conditions without administration of the alkali 
the effect of the- buzzer was about 8 drops during 30 seconds, 
while the effect of the tactile stimulus was 4 drops during 30 
seconds. 

In a second dog [experiments by Dr. Anokhin] there were, how- 
ever, somewhat different results. After the introduction of the 
rejectable substance into the dog’s mouth and the termination of 
the resulting secretion, all the conditioned stimuli, when tested at 
frequent intervals up to the end of the experiment, showed an equali- 
zation in their effect. Concurrently with this there was observed as 
the experiment continued a step-like diminution in the strength of 
the reflexes. In control experiments performed previously the re- 
flexes were proportional to the strength of the stimuli, the stronger 
buzzer giving the largest effect and the lamp the smallest. In 
the following example a solution of sodium carbonate was introduced 
into the dog’s mouth at 11 a.m., and the resulting secretion of saliva 
continued for ten minutes. 
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Conditioned stimulus | “tion i drops. 
; BI us tion i 
Time during 30 seconds | during 
30 seconds 
11.10 a.m. Lamp 12-5 
11.15 ,, i 10-5 
11.20 ,„, Loud buzzer 10-5 
11.25 ,, Metronome 6-3 
11.30 ,, Weak buzzer 68 


Although the results obtained in the two dogs would appear to 
corroborate the suggestion that internal and external inhibition are 
fundamentally one and the same process, yet the complexity of the 
problem necessitates a repetition and greater variation of the experi- 
ments with more critical attention to other possible interpretations 
of the results. 

In the course of our investigation we became greatly interested 
in the effect upon conditioned reflexes of different narcotics in the 
first stages of their action, in complete narcosis, and again during 
the period of recovery. Urethane and chloral hydrate were used for 
this purpose. In the case of the action of narcotics as compared with 
the effect of inhibition a different sequence of events was observed : 
there was a gradual weakening of all conditioned reflexes, the 
weak conditioned stimuli naturally becoming ineffective before 
the strong ones. This state was given the name of the narcotic 
phase. The following experiment is taken from a research by 
Dr. Lebedinsky : 

Positive conditioned reflexes were established to loud buzzing, 
metronome, weak buzzing, tactile stimulus, and intermittent flashes 
of an electric lamp. With regard to the intensities of their effect 
the stimuli followed in the order given. The animal, after being 
placed in the stand, received at 10.9 a.m. two grammes of chloral 
hydrate dissolved in 150 cc. of water in the form of an enema. The 
experiment proceeds as shown in the table on the opposite page. 

We thus see that with the development of narcosis the effect of 
all the stimuli progressively diminished, and on return to the alert 
state the stimuli progressively recovered their normal conditioned 
effect. The only exception, out of the twenty stimuli, was presented 
by the weak buzzing sound which at 11.53 a.m. produced an abnor- 
maliy large effect. 
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Thus in different healthy animals under different conditions there 
were found many different phases of transition in the reactions of 
the cortex to conditioned stimuli. An obvious question arises as to 
how far all these different phases, including also the narcotic phase, 











Salivary 
Time Conditioned stimulus | Secretion in 
during 30 seconds | drops during 
30 seconds 
10.14 a.m. Metronome Il Dog takes the food, 
yawns and stands 
shakily 
10.21 _,, Lamp 3} Takes the food; hangs 
down in the loops of 
the stand 
10.29 Strong buzzing 7 Takes the food 
10.38 ,, Tactile 0 Takes the food 
10.45 „ Weak buzzing 2 Slowly raises itself from 
the loops and takes 
food 
10.53 , Strong buzzing 0 slope ; does not take 
00 
1l6 , Metronome 0 Sleeps; does not take 
‘00 
11.13 , Weak buzzing 0 Siope ; does not take 
00 
11.19 , Strong buzzing 5h Daa up, takes the 
o0 
11.26 ,, “| Tactile 0 
11.35 ,, Lamp 0 
11.45 , Metronome 5 
11.53 , Weak buzzing 94 
12 noon Tactile 4 
12.7 p.m. Strong buzzing 8} Takes the food 
12.15 ,, Lamp 6 
12.24 ,, Metronome 94 
12.34 ,„ Strong buzzing 13 
12.42 ,„ Weak buzzing 10 
13 „ Tactile 5$ 








appertain to every single animal under the usual conditions of life. 
In investigating this problem we were fortunate to have at our 
disposal an unusually reactive type of animal, the special features 
of which will be discussed in the succeeding lectures. (This dog was 
used for the experiments described towards the end of the fourteenth 
lecture, p. 247). Given constant conditions, the dog was remarkable 
for the constancy of its highest nervous activity as expressed in the 
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form of conditioned reflexes, and fully merited its nickname of “ an 
animated instrument.” The dog had ten different conditioned 
reflexes. There were six pusitive ones—to a buzzer, metronome, 
whistle, increase in illumination of the room, appearance of a small 
toy horse ; and four negative ones—to a different rate of metronome, 
a diminution in thc illumination of the room, the appearance of a 
square, and the appearance of a toy rabbit approximately of the 
same size and colour as the toy horsc. For some time prior to the 
following experiments the buzzer had not been used, while out of 
the differentiated stimuli the metronome had been employed 
practically exclusively. The auditory stimuli usually, and in the 
early experiments always, gave a secretion 30 to 50% greater than 
that given by the visual stimuli. After two years’ work in the 
laboratory with this dog the positive conditioned reflexes showed 
some tendency to diminish and began to vary in their relative inten- 
sity, as frequently happens in the case of continuous and prolonged 
use of the same conditioned stimuli. During this state of the animal 
we could find all the definite transition stages of the cortical activity 
which were described earlier in this lecture as different phases of 
the progressive diffusion of the inhibitory process over the hemi- 
spheres. Each of these phases either lasted during the whole course 
of a single experiment or else, under the action of different influences 
produced experimentally, changed into some other phase [experi- 
ments by Dr. Speransky]. The only phase which could not be 
observed in this dog was the ultra-paradoxical, but the conditions 
were not such as to favour the appearance of this phase as the animal 
never became very drowsy. The experiments taken from different 
periods of the work are shown on the opposite page. 

When the reflexes deviated very much from normal they were 
strengthened and corrected by the method discussed in the fourteenth 
lecture, namely, by abbreviating the interval between the beginning 
of the conditioned stimulus and its reinforcement. The spontaneous 
transition from one phase to another in the two last experiments 
was most probably due to repeated reinforcement. We had, however, 
two special methods at our disposal by the use of which we could 
produce an immediate interchange of phases. One of these methods 
consisted in the application of the completely differentiated inhibi- 
tory rate of the metronome. Most probably the effect of this 
inhibitory stimulus was due to concentration of the diffuse inhibi- 
tion, or to an induction of the antagonistic process of excitation. 
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Salivary 
Time Conditioned stimulus during | Secretion in 
30 seconds drops during 
30 seconds 
Normal Experiment. 

10.30 a.m. Metronome 8 
10.40 ,, Increased illumination 5 
10.50 ,, Whistle 8 
11.0 ,, Disc 5 
11.10 ,, Metronome 9 
11.20 ,, Increased illumination 5 
11.30 ,, Whistle 8 
11.40 ,, Disc 6 
Experiment showing phase of equalization. 
9.0 a.m. Metronome 7 
9.10 ,, Increased illumination 5 
9.20 , Whistle 5 

9.30 Disc 44 
9.40 ,, Metronome 5 
9.50 ,, Increased illumination 5 
10.0 , Whistle 5 
10.10 ,, Disc 4 


Experiment showing paradoxical phase and its transition into 
the normal phase. 


10.0 a.m. Metronome 4 
10.11 ,, Increased illumination 6 
10.22 ,; Whistle 4 
10.33 ,, Disc 7 
10.43 ,, Metronome 4 
10.54 , Increased illumination 24 
113 Whistle 7 
11.12 ,, Disc 4 
11.22 ,„ Metronome 8 
11.33 ,„, Increased illumination 5 


Experiment showing complete inhibition and transition into 
the narcotic phase. 


10.0 a.m. Metronome 0 
10.9 ,, Increased illumination 0 
10.19 ,, Whistle 3 
10.31 ,, Disc 0 
10.42 ,, Metronome 3 
10.52 ,, Increased illumination 0 
113 ,, Whistle 34 
11.12 ,, Disc 0 
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The second method consisted in the application of an extra 
stimulus, viz. the entry of the experimenter into the animal’s room. 
The following experiments serve as examples of the effect of each 
method : 





Salivary 
Time Conditioned stimulus during | Secretion in Remarks 
30 seconds drops during 
30 seconds 


9.30 a.m. Metronome (positive) Does not take 





the food 
9.37 ,, Toy horse 0 Does not take 
À the food 
9.45 ,, Metronome (inhibitory) | 0 (Not reinforced) 
9.52 ,, Metronome (positive) 4 
9.59 ,, Increased illumination 9 
10.10 ,, Whistle 6 
10.18 , Toy horse 11 Takes the food 
10.30 ,, Metronome 124 
10.38 ,, Disc 84 


The phase of complete inhibition with absence of the sccretory 
and motor reactions is transformed in the above experiment first 
into the paradoxical, and then into the normal, phase by the 
application of the inhibitory rate of the metronome. 











Salivary 
Time Conditioned stimulus during | Secretion in |, Renarks 
30 seconde drops during 
i 30 seconds 
S EE = AES i ——— eee 
10.0 a.m. Metronome (positive) | 0 Does not take 


the food 


The experimenter enters and remains in the 
room with the dog. 


10.9 a.m. Metronome (positive) 9 Takes the food 
10.18 ,, Increased illumination 3} Takes the food 











The presence of the experimenter in the room with the dog 
immediately changed the phase of complete inhibition to normal. 

The question whether all these different stages in the activity 
of the hemispheres can be arranged in a definite order, and if so in 
what kind of order, must remain for the present entirely open. A 
consideration of all the experiments at our disposal shows that the 
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sequence of the different phases was fairly variable, and it is not 
clear, therefore, whether the different states of the hemispheres in 
different animals are strictly successive or whether they may occur 
as parallel events. Only further experimentation can explain why 
a given phase undergoes transition directly into one or another of 
the remaining phases. 

It is hardly possible to doubt that all these different states of 
the hemispheres bear a strong resemblance to the different stages 
of what is generally known as hypnotism. The relation between the 
experimental results described here and hypnotism as observed in 
man will form the subject of the last lecture. 


LECTURE XVII 


The different types of nervous system.—Pathological disturbances of the cortex, 
result of functional interference. 


WE have been dealing up to the present with the normal activity of 
the cerebral cortex. It was noticed in passing, however, that the 
experiments to which our animals were subjected led in some instances 
to chronic disturbances of this normal activity. This was especially 
liable to occur in the early stages of our work, since in planning the 
experiments we had at first not even the slightest idea as to the 
limitations and the natural resistance of the cortex. The present 
lecture will be devoted to a description of those disturbances in the 
higher nervous activity which are of a purely functional origin, and 
not du» to surgical interference or trauma. From some of these 
disturbances the animal recovers gradually and spontaneously under 
the influence of rest alone, on discontinuance of the disturbing 
experiments ; in other cases the disturbances are so persistent as 
to require special therapeutic measures. In many instances we were 
able to make observations during the actual period of transition 
from the normal physiological state of the cortex to a pathological 
state, and then to study its therapy. The pathological state of the 
hemispheres in different individual animals from the action of 
injurious influences varies greatly. One and the same injurious 
influence causes severe and prolonged disorders in some dogs; in 
others the disorders are only slight and fleeting; while yet other 
dogs remain practically unaffected. In many cases the deviation 
from normal produced by the same causative agent assumes in dif- 
ferent dogs quite different aspects. The type and the degree of 
pathological disturbance that develops from some definite causc 
was found in all cases to be determined primarily by the character 
of the individual nervous system of the animals. Therefore, before 
describing the different pathological states it is important to say 
a few words about the different individual types of nervous system 
found in our dogs. The systematic investigation of the higher 


nervous activity has enabled us to outline even at present certain 
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definite criteria which when expanded in the future will lead up to 
an exact definition of the different types of nervous system of 
individual animals. Such critcria when perfected should greatly 
assist the development of a strictly scientific experimental investi- 
gation of the hereditary transmission of different aspects of nervous 
activities in animals.! At present, however, I shall not go beyond 
a general classification of our dogs. Two definite types, which may 
be regarded as extremes, stand out with special prominence. 

The first type was met with practically from the beginning of 
our investigation, and the researches on animals belonging to this 
type led in our early experiments to much confusion. At a time 
when we were still quite unfamiliar with the subject of conditioned 
reflexes, we met in some of the experiments with considerable diffi- 
culties on account of a drowsiness, which developed from the use of 
certain conditioned stimuli and under certain conditions of experi- 
mentation, and which we were not able to overcome. We thought 
to get rid of this drowsiness by choosing for our experiments dogs 
which outside the experimental conditions were very lively. Animals 
were selected which were extremely vivacious, always sniffing at 
everything, gazing at everything intently, and reacting quickly to 
the minutest sounds. Such animals when they get acquainted with 
men, which they do very quickly and easily, often become annoying 
by their continuous demonstrativeness. They can never be made to 
keep quiet either by orders or by a mild physical punishment. It 
was, however, soon found that these very animals when placed in 
the stand and limited in their movements, and especially when left 
alone in the experimental room, were the quickest to become drowsy, 
so that their conditioned reflexes quickly diminished or even dis- 
appeared altogether, in spite of frequent reinforcement by food or 
acid, Indeed, our repeated stimuli when they had not yet acquired 
stable positive conditioned properties immediately, and in a most 
unequivocal fashion, produced drowsiness and even sleep in dogs 
which at the commencement of the experiment were wide awake. 

1 Experiments which have been communicated briefly at the Edinburgh 
International Congress of Physiology (1923) upon hereditary facilitation of 
the development of some conditioned reflexes in mice have been found to 
be very complicated, uncertain and moreover extremely difficult to control. 
They are at present being subjected to further investigation under moro 
stringent conditions. At present the question of hereditary transmission of 
conditioned reflexes and of the hereditary facilitation of their acquirement 
must be left entirely open. 
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In some animals this happened cven when they were not placed in 
the stand during the experiments, but were left free on the floor, 
the experimenter remaining quietly in the room ; nevertheless the 
dogs on administration of a conditioned stimulus soon got sleepy, 
closed their eyes and finally lay down on the floor. This often 
happened immediately after the reinforcement of a conditioned 
stimulus. At first we despaired of achieving anything with these 
animals ; later we learned how to get over the difficulties. In dogs 
of this type many conditioned reflexes must be developed concur- 
rently, and with a great variety of stimuli; no stimulus must be 
repeated more than once in a single experiment, and long pauses 
between the applicktions of the various stimuli must be avoided ; 
not only excitatory but also inhibitory reflexes must be developed. 
In short, when we make rapid and considerable variations in the 
experimental environment such dogs become quite satisfactory 
subjects for the experiments. It is an interesting point, but one 
which cannot be pursued here, whether this type represents a higher 
or lower stage of nervous development. 

Until a rigid scientific classification is fully established for all 
the various types of central nervous system I think we may be per- 
mitted to make use of the ancient classification of the so-called 
temperaments. The animals just described must be regarded in the 
light of the ancient classification as belonging to the pure “ sanguine ” 
type. - Under quick changes of stimuli they are energetic and highly 
reactive, but with the slightest monotony of the eavironment they 
become dull, drowsy and inactive. 

Our second type of dog is also very definite, and must be placed 
at the other end of the classical series of temperaments. In every 
new and slightly unfamiliar set of surroundings such animals are 
extremely restrained in their movements. They slink along close 
to the wall in a cringing fashion, and often at the smallest movement 
or sound from outside—a shout or a threatening movement—they 
immediately cower to the floor. Everybody who sees such an 
animal would immediately judge it a great coward. These animals 
get used to their experimental surroundings and the associated 
manipulation very slowly, but when they become thoroughly familiar 
with the new conditions they make invaluable subjects for experi- 
mentation. The animal described at the end of the last lecture as 
“* a living instrument ” belonged to this type. Such animals do not 
sleep in their stands when the experimental conditions remain more 


EXPERIMENTAL NEUROSES 287 


or less constant ; on the contrary their conditioned reflexes, especially 
the inhibitory ones, remain extremely stable and regular. We are 
engaged at present in our laboratory with a most exaggerated repre- 
sentative of this type. This dog—a bitch—was born at the institute 
and was always treated with the utmost gentleness. When she 
was about twelve months old she was occasionally brought into the 
laboratory, and during every experiment in the stand only very few 
stimuli were given. When brought to the laboratory five years 
after its first introduction this dog still behaved in exactly the same 
manner as on the first occasion, and until quite recently never got 
used to the laboratory conditions in the slightest degree. She slinks 
along behind the experimenter on the way to the experimental 
rooms, always with her tail between her legs. On meeting members 
of the staff (some of whom constantly try to make friends with her 
and pet her) she invariably and quickly dodges them, draws back 
and squats down on the floor. She reacts in the same manner to 
every slightly quicker movement or slightly louder word of her 
master, and behaves towards all of us as if we were her most dangerous 
enemies from whom she constantly and most severely suffers. In 
spite of all this, when she at last got used to her own experimental 
room many extremely regular and constant positive and negative 
conditioned reflexes were developed. This was so unexpected by us 
that the animal was flatteringly given the name of “ Brains.” It 
would not be an exaggeration to bring this animal under the type 
of “ melancholic.” I shall return to this animal later. Both the 
above types are obviously extremes. In the first the excitatory 
process predominates in the extreme, and in the second the inhibitory. 
Both, therefore, are limited types, with, so to speak, a narrow scope 
of vital expression. The first needs a continuous and novel succession 
of stimuli, which may indeed often be absent in the natural surround- 
ings ; the other, on the contrary, needs extremely uniform conditions 
of life and therefore suffers from being unable to react to a sufficient 
number of stimuli to ensure a full use and development of its nervous 
organization. 
It has, no doubt, occurred to some that these two types present 
a contradiction to the theory of the identity of sleep and internal 
inhibition, in that the type with a predisposition to excitation tends 
to fall asleep under the conditions of our experiments, while the 
type with a predisposition to inhibition remains fully awake. If, 
however, as can reasonably be supposed, functional exhaustion of 
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the cortical elements serves as an impetus to a development of an 
inhibitory process, it is casy to understand that in the first type the 
excess of excitability of the cortical elements leads to their precipitate 
functional exhaustion, and so, when the cortical elements are exposed. 
to prolonged monotonous stimuli, especially favours a development 
of inhibition which irradiates widely over the whole cortex. Only 
a quick succession of new stimuli acting upon different groups of 
nerve cells can neutralize the tendency of this type of animal towards 
inhibition. In the second type, on the other hand, though the in- 
hibition of the motor area of the cortex is so easily initiated (passive 
defence reflex) the inhibition does not irradiate over a wide area, 
some considerable parts of the cortex remaining unaffected ; the 
parts which remain in an active state resist the diffuse spread of 
inhibition, 7.e. sleep, and thereby make possible the restitution of the 
active state of the whole cortex as soon as the cause which initiated 
the initial inhibition has disappeared. In the first case the biologically 
unprofitable tendency is checked by the excitatory effect of a quickly 
changing environment, in the second by the restriction of the actual 
spread of inhibition in the cortex. In fact the limitation of the 
irradiation of the inhibition in the latter case seems to be a special 
protective mechanism of an otherwise defective nervous system. 
There is a parallel to such limitation in the case of a man who has 
trained himself to sleep even while walking, ż.e. to limit the inhibition 
to the cortex, so that it does not descend to the subcortical areas. 
In between the extremes just described can be found numerous 
intermediate types which present a greater balance between excita- 
tion and inhibition, types on the whole better adapted to the natural 
conditions of life and therefore biologically more resistant. Those 
that approximate to the first type are lively and active, and in most 
cases aggressive ; those that approximate to the second type are 
quiet and restrained. I remember in particular one dog of the 
latter type whose behaviour was in many respects extraordinary. 
I have never noticed it to lie down on the floor while it waited for 
the experiment after being fetched from the kennel to the laboratory. 
It reacted as if most disinterested in what happened around, and 
did not enter into either friendly or antagonistic relations with any- 
body, even its master. In its stand it never showed any signs of 
drowsiness, and its positive or negative conditioned reflexes were 
always extremely precise. The dog undoubtedly had a definite 
tendency towards inhibition; it was, however, also capable of 
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considerable excitation. I succeeded in disturbing the placid calm 
of this animal by making most extraordinary sounds with a toy 
trumpet and having a frightful animal mask over my face. The dog 
lost all its usual restraint, began to bark determinedly and tried to 
get at me—a most “ phlegmatic ” but powerful type. 

Another group of dogs belongs to a more excitable type, and may 
be regarded as corresponding to the “ choleric ” type of the ancient 
classification. Inhibitory conditioned reflexes in these animals are 
less stable. 

It is obvious that a large number of animals cannot be placed 
definitely in any one of these four types, but broadly speaking all 
the dogs which we used could be divided into two groups—those 
with an excessive or moderate tendency to excitation, and those with 
an excessive or moderate tendency to inhibition. 

After this digression I can now proceed to the description of the 
functional disturbances in the cortical activities which were either 
observed accidentally or produced experimentally. The first 
observation was made under the following conditions. As was men- 
tioned in the third lecture, a conditioned alimentary reflex can be 
developed to a most severe electrical stimulus applied to the skin— 
a stimulus which would normally evoke the inborn defence reaction 
but to which the animal now responds by an alimentary reaction, 
turning its head towards the place where the food appears, licking 
its lips and producing a secretion of typical “ alimentary ” saliva 
[experiments of Dr. Eroféeva, p. 29]. In the case which is being 
described the development of this reflex had been started with the 
use of a very weak current, which was gradually increased in strength 
until finally it was extremely powerful. The conditioned alimentary 
reflex developed in this way remained stable for many months. 
The electric current was occasionally replaced by cauterization or 
mechanical injury of the skin, both evoking the same reflex. The 
animal remained perfectly normal throughout a long period of the 
experiments, but after a certain time this peculiar conditioned 
stimulus, similarly to any other, began to acquire inhibitory proper- 
ties, the onset of the secretory effect becoming more and more 
removed from the beginning of the conditioned stimulus. On rare 
occasions the electrical stimulus had been applied to places other 
than the one for which the reflex had been originally developed. 
Now, however, we resolved to generalize the reflex by a systematic 
application of the stimulus to new places. For some time the elec- 
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trical stimulus continued, when applicd to the different places of 
the skin, to produce the same conditioned alimentary reflex without 
any interference of a defence reaction. A limit, however, was suddenly 
reached. When a still further place was added to those already 
successfully generalized everything underwent an abrupt and 
complete change. No trace of the alimentary reaction was left : 
instead only a most violent defence reaction was present. Even an 
extremely weak current, which before the development of the ali- 
mentary conditioned reflex remained entircly without effect, now 
when applied to the original place of stimulation or to any other 
brought about the most violent defence reaction. The experiment 
was repeated on two other dogs. In one of them the outburst of 
excitation occurred on the application of the stimulus of the electric 
current to a ninth new place. In the other the application to a 
thirteenth new place did not yet bring about any explosion of excita- 
tion. When, however, the electric stimulus was applicd in the same 
experiment to several of these places on the same day, and not, as 
before, to a single place only, the same explosive change occurred. 

In all three dogs nothing could be done to restore at once the 
alimentary reflex to the electrical stimulus. The animals became 
restless and excited ın an extreme degree, which they had never 
been before. In one dog it was only after an interval of three months 
that it was possible to start a fresh development of the original 
alimentary conditioned reflex to the stimulus of the electric current. 
This was a much more difficult operation than before, but the reflex 
was finally restored. In the other two dogs an even longer interval 
did not help. Obviously the nervous system had been brought into 
a chronic pathological state. At the time of these experiments, 
unfortunately, we had not begun to take account of the type of 
nervous system of our dogs. 

Possibly on account of the special nature of the stimulus used 
in these experiments all these facts did not attract sufficient attention 
on our part ; but some time afterwards the same phenomenon was 
observed under more usual conditions of experimentation. The 
experiments in question were made to determine the limits of the 
analysis of shapes of different objects [experiments of Dr. Shenger- 
Krestovnikova]. A projection of a luminous circle on to a screen 
in front of the animal was repeatedly accompanied by feeding. 
After the reflex had become well established a differentiation between 
the circle and an ellipse with a ratio of the semi-axes 2:1, of 
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the same luminosity and the same surface area, was obtained by 
the usual method of contrast. A complete and constant differentia- 
tion was ohtained comparatively quickly. The shape of the ellipse 
was now approximated by stages to that of the circle (ratios of the 
semi-axes of 3 : 2, 4: 3 and so on) and the development of differenti- 
ation continued through the successive ellipses. The differentiation 
proceeded with some fluctuations, progressing at first more and 
more quickly, and then again slower, until an ellipse with ratio of 
semi-axes 9:8 was reached. In this casc, although a considerable 
degree of discrimination did develop, it was far from being complete. 
After three weeks of work upon this differentiation not only did the 
discrimination fail to improve, but it became considerably worse, 
and finally disappeared altogether. At the same time the whole 
behaviour of the animal underwent an abrupt change. The hitherto 
quiet dog began to squeal in its stand, kept wriggling about, tore 
off with its teeth the apparatus for mechanical stimulation of the 
skin, and bit through the tubes connccting the animal’s room with 
the observer, a behaviour which never happened before. On being 
taken into the experimental room the dog now barked violently, 
which was also contrary to its usual custom; in short it presented 
all the symptoms of a condition of acute neurosis. On testing the 
cruder differentiations they also were found to be destroyed, even 
the one with the ratio of the semi-axes 2:1. A fresh development 
of the latter differentiation up to its previous exactness progressed 
twice as slowly as at first, but during the re-establishment of this 
crude differentiation the animal gradually became quieter, returning 
finally to its normal state. The development of the finer differen- 
tiations now occurred even more quickly than before. The 9:8 
ellipse at its first application was completely discriminated from the 
circle, but from the second application onwards no trace of a dis- 
crimination was obtained, and the animal again entered a state of 
extreme general excitation with the same results as before. No 
further experiments were performed with the animal. Some of the 
different stages of these experiments are given on page 292. 

In the first experiment given below the ellipse with ratio of the 
semi-axes 4:3 was fully discriminated. In the second experiment 
the ellipse with the ratio 9 : 8, in its first stage of development, gave 
only 1 drop of salivary secretion. After repeating it in the course 
of the succeeding two weeks its effect, as shown in the third of the 
experiments given below, became equal to that of the circle. After 
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this even the ellipse with a ratio of 2:1 failed to become fully 
discriminated, as shown in the fourth experiment ; and only in the 
fifth of the given experiments, performed 1} months later, did it 
again produce a zero secretion. 


Conditioned stimulus | _ Salivary 


Time applied during Secretion in 
TIo seconds drops during 
30 seconds 


Experiment of 4th August, 1914. 


4.10 p.m. Circle 4 
4.22 ,, R 6 
437 ,, 4:3 ellipse 0 
4.55 ,, Circle 4 

Experiment of 2nd September, 1914. 
1.10 p.m. Circle 2 
1.27 » » 8 
26 =, j 10 
2.16 ,, 9:8 ellipse 1 
2.30 ,, Circle 6 
248 ,, 35 8 

Experiment of 17th September, 1914. 
3.20 p.m. Circle 4 
3.31 ,, Sa 7 
3.54 ,, 9:8 ellipse 8 
49 ,„ Circle 9 

Experiment of 25th September, 1914. 
2.17 p.m. Circle 9 
247 ,„ 2:1 ellipse 8 
3.8, Circle 8 
3.22 i 8 
3.46 2:1 ellipse 3 

Experiment of 13th November, 1914. 
10.55 a.m. Circle 10 
115, ‘i 7 
11.30 ,, 2:1 ellipse 0 
11.44 ,, Circle 5 


After these experiments we paid considerable attention to 
pathological disturbances in the cortical activity and began to study 
them in detail. It became obvious that under certain conditions 
the clashing of excitation with inhibition led to a profound dis- 
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turbance of the usual balance between these two processes, and led 
in & greater or less degree and for a longer or shorter time to patho- 
logical disturbances of the nervous system. In the first example, 
with the development of an alimentary reflex to the strong electric 
stimulus, it was the inborn defence reflex which had to be inhibited ; 
in the second example, with the visual stimuli, as we know already 
from the seventh lecture, the differentiation which had to be estab- 
lished also depended on a development of inhibition. In both cases 
a balance of the two antagonistic processes was satisfactorily main- 
tained until a certain critical stage was reached, when, under the stress 
of the delicate antagonistic relations of the stimuli, the further 
adjustment of the balance became impossible and finally gave way 
to an undisputed predominance of one of them (as will be shown 
later), producing a pathological state. 

In -further experiments dogs were intentionally selected which 
possessed different types of nervous system, in order to find out 
the different pathological disturbances which would be produced by 
functional (i.e. non-surgical) interferences with the cortical activity. 
The first of these experiments [Dr. Petrova] were performed on two 
dogs, representatives, as judged by their general behaviour, of the 
two extreme types of nervous system. These dogs were those already 
described in the lecture upon sleep, the drowsiness, which they 
exhibited at first, being successfully removed by the administration in 
rapid succession of six different conditioned reflexes with an interval 
of 5 seconds between the beginning of the conditioned and the 
unconditioned stimuli (p. 254). Besides abolishing sleep the experi- 
ments provided very clear and definite illustration of the essential 
differences between the types of nervous system of the two dogs, 
successfully corroborating the diagnosis of their respective types 
which was previously made by general observation. In the course 
of the experiments the conditioned reflexes, which to begin with 
were practically simultaneous, were transformed into long-delayed 
reflexes with an interval of 3 minutes between the conditioned and 
the unconditioned stimuli. The transformation of the reflexes was 
performed gradually by prolonging the length of isolated action of 
the conditioned stimulus by 5 seconds daily ; correspondingly the 
so-called latent period of the reflexes—i.e. the interval of time 
between the beginning of the conditioned stiniulus and the onset 
of the salivary response—became gradually more and more prolonged. 
All six reflexes were being treated in this manner at the same time. 


294. CONDITIONED REFLEXES 


The dog with a predominant tendency to inhibition mastered the 
problem of developing the longer delay straight ahead, and without 
any nervous disturbances ; the dog with a predominant tendency 
to excitation reacted to the problem in a quite ‘different manner. 
When the delay of the reflexes reached two minutes the animal 
began to enter into a state of gencral excitation, and with a further 
prolongation of the delay to 3 minutes the animal became quite 
crazy, unceasingly and violently moving all parts of its body, howling, 
barking and squealing intolerably. All this was accompanied by 
an unceasing flow of saliva, so that although the secretion increased 
during the action of the conditioned stimuli all traces of the delay 
completely disappeared. Obviously the development of the inhibitory 
phase of delay required by many conditioned reflexes at one time 
was too difficult a problem for the excitable nervous system of this 
dog. It should be added that certain difficulties in the way of a 
successful development of a balance between the two antagonistic 
processes, difficulties in the form of hyper-excitation, were met with 
in many dogs, but in no other dog did this general excitation reach 
so great an intensity. However, the problem set to this animal was 
much more than usually complicated, since it was required to set 
up a balance of the two antagonistic processes in many points of the 
hemispheres at one and the same time. Eventually there was 
nothing to be done, other than to relinquish the experimc::ts in this 
form. It is interesting that the problem which so far seemed impossible 
of resolution by the nervous system of this dog was nevertheless 
quite satisfactorily achieved when another method of experimentation 
was employed. We restricted our work to one of the conditioned 
stimuli only. The animal became quiet again, and even began to 
get sleepy during the experiment not only when kept in the stand but 
also when kept free on the floor. All the conditioned stimuli were 
now applied again, but with only 5 seconds’ delay. Once more the 
isolated action of each conditioned stimulus was gradually prolonged 
from day to day until the delay of 3 minutes was reached. On this 
occasion definite long-delayed reflexes were developed without any 
disturbances. During the 14-2 minutes after the beginning of the 
conditioned stimulus the animal was asleep, but towards the end 
of the second minute or at the very beginning of the third it quickly 
roused up from its relaxed posture and a very sharp alimentary 
motor as well as secretory reaction appeared. The final stage of 
these experiments was described in the fifteenth lecture (p. 261). 
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In this manner, with the help of suitable periods of rest and by patient 
practising of the reflexes, that satisfactory balance of the two pro- 
cesses, which failed to appear at the first attempt was achieved. 
The differences in the nervous systems of the two dogs was thus 
made clear and we could now proceed with the main object of our 
experiments. This time, however, the investigation was carried 
out in a manner slightly different from that of those accidentally 
observed cases which were described previously. The effect of 
different forms of inhibition (differentiation, conditioned inhibition 
and extinction) was tested upon long-delayed reflexes. We hoped 
that as a result of such a complex presentation of different inhibiting 
influences a disturbance of the normal rclations between the two 
antagonistic nervous processes would occur, as had already happened 
in the first establishment of the long-delay. Such a disturbance of 
the balance between the two processcs did not, however, occur. 
What did happen was that these experiments, with the various forms 
of internal inhibition, always brought out more and more forcibly 
the essential differences between the two dogs. The development of 
every new inhibition was accompanied in the excitable dog by a 
temporary period of excessive general excitation, while the other 
dog evinced practically no difficulties. Since we failed to produce 
a disturbance of the equilibrium in the manner described we had 
recourse to the procedure which had proved successful with the dog 
previously described. We therefore commenced a development of 
a conditioned alfmentary reflex to an electric stimulus applied to 
the skin. This reflex was fully established and practised with some 
intervals for a considerable length of time. A chronic functional 
disturbance of the nervous system occurred in both dogs even without 
the application of the electric stimulus to new places. It is probable 
that this disturbance of the normal balance between excitation and 
inhibition was favoured by the complexity of the inhibitory activity 
already established. The new and important point is that the 
disturbance of the normal activity of the nervous system found an 
opposite expression in the two animals: in the excitable dog it was 
the inhibitory reflexes which suffered, in the other it was the excita- 
tory reflexes, and only much later the inhibitory ones. The following 
is a detailed description of these experiments. 

Positive alimentary conditioned reflexes were established in 
the excitable dog to metronome, buzzer, bubbling sound, and tactile 
stimulation of the thigh; and negative reflexes to a combination 
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of a hissing sound with the metronome (the hissing sound preceded 
the metronome by 5 seconds), and to a tactile stimulation of the 
shoulder (differentiation). All the positive conditioned reflexes were 
delayed for three minutes. 


Experiment of 15th March, 1923 
(before the development of the conditioned reflex to the electric 


stimulus). 
Salivary 
Secretion in 
drops during 
h Conditioned stimulus applied successive 
Time uring 3 minutes mutes from 
of the condi- 
tioned 
stimulus 
3.0 pm. Metronome 0,5,16, 
3.25 ,, Hissing + metronone (inhibitory) 0,0, 0 
3.45 , Bubbling 0, 1, 14 
3.54 ,, Buzzer 3, 0, 17 
40 ,, Tactile stimulation of thigh 0, 2, 12 
4.13 ,, Tactile stimulation of shoulder (inhibitory) 0,0, 0 


In reference to this experiment it should be mentioned that in 
excitable dogs the commencement of conditioned stimuli, especially 
strong ones, always elicits a brief investigatory reflex. On this 
account, in the case of delayed reflexes, there is often observed an 
initial short dis-inhibition of the inhibitory phase (3.54 p.m.). 

The development of the conditioned reflex to the electric stimulus 
was begun towards the end of March. In April it was already fully 
established. During the whole time before the electric stimulus had 
been given any considerable strength all the forms of inhibition 
remained practically unaffected. In August the electric current 
was considerably increased in strength, and now the delayed reflexes 
became disturbed and the conditioned inhibition became incomplete. 
In order to diminish the inhibitory stress all conditioned stimuli 
excepting the buzzer were now allowed to act for 30 seconds only, 
instead of three minutes, before reinforcement. In spite of this, 
and in spite of the disuse of the “alimentary” electric stimulus, 
the gradual weakening of all inhibitory processes continued. The 
delay disappeared altogether ; the hissing, which, when preceding 
by 5 seconds the action of the metronome had established an 
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inhibitory combination, now itself acquired excitatory properties, 
i.e. became a conditioned stimulus of the second order. Even the 
differentiation of the tactile stimuli was now considerably dis- 
inhibited. 


Experiment of 29ih September, 1923 (final period of work). 











Salivary 
Time Conditioned stimulus Secretion in 
ps 

3.15 p.m. Bubbling, 30 seconds 5 
3.26 , Tactile stimulation of thigh, 30 seconds 8 
3.40 ,, Tactile stimulation of shoulder (inhibitory), 

30 seconds 3° 
40 ,, Metronome, 30 seconds 6 
4.12 ,, Hissing+ metronome (inhibitory), 30 

seconds 10 
4.35 _,, Buzzer, 3 minutes 16, 12, 13 
446 ,, Tactile stimulation of thigh, 30 seconds 8 
50 , Tactile stimulatiou of shoulder (inhibitory), 

30 seconds 


In the case of the inhibitable dog the conditioned stimuli were 
the same. The following experiment illustrates the conditioned 
reflexes as they were before the development of the refiex to the 
electric stimulus : 





Experiment of 21st March, 1923. 





Salivary 

A Conditioned stimulus applied Secretion in 

Time during 3 minutes drops during 
successive 
minutes 
3.18 p.m. Bubbling 0,2, 6 
3.54 ,, Buzzer 0, 0, 12 
4.13 ,, Metronome 1, 5, 15 
4.35 ,, Hissing + metronome (inhibitory) 1,0, 0 
4.42 ,, Buzzer 0, 6, 14 
4.55 ,, Hissing + metronome (inhibitory) 0,0, 0 
53 » Tactile stimulation of thigh 0, 3, 9 
5.15 , Tactile stimulation of shoulder (inhibitory) 0,0, 0 








The development of the conditioned reflex to the electric stimulus 
was begun in this dog also towards the end of March. The reflex 
developed easily and soon reached a magnitude of 7 drops during 
30 seconds. The defence reaction occasionally returned when the 
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current was increased in strength, but finally it disappeared alto- 
gether and was entirely replaced by a typical alimentary reaction. 
It was soon noticed on repeating the already established reflex to the 
electric current that its secretory effect began to diminish, while the 
secretory effect of other stimuli had practically disappeared, being pre- 
sent only at the beginning of the experiment and in a very weak form. 

The following serves as an illustration of this period of the 
experiments : 


Experiment of 30th April, 1923. 


Salivary 
Secretion in 
Time Conditioned stimulus during 3 minutes drops during 
successive 
minutes 
3.25 p.m. Buzzer 0, 0, 2 
3.35 ,, Metronome 0, 0, & 
3.47 ,, Buzzer 0, 0,0 
4.3 ,, Tactile stimulation of thigh 0, 0, 0 
4.20 ,, Tactile stimulation of shoulder (inhibitory) 0, 0, 0 
4.25 ,, Bubbling 0, 0,0 
4.37 n. Metronome 0, 0,0 
4.48 ,, Buzzer 0, 0,0 


The animal started at this time to lose weight and became very 
dull. All experiments were therefore interrupted for a considerable 
time, and the dog was given plenty of food and ¢od-liver oil. It 
soon picked up weight, and its general alertness also increased. 
After this period of interruption all the long-delayed conditioned 
reflexes excepting the one to the buzzer were shortened to delays 
of 30 seconds. The ultimate result remained, however, unchanged. 
No more than indications of the positive reflexes were obtained. 
The electrical stimulus still evoked a considerable secretion, but on 
increasing its strength the reflex again diminished and finally 
disappeared altogether. The other positive conditioned reflexes 
had long since disappeared, and now all the forms of internal inhibi- 
tion began gradually to disappear also, a salivary secretion being 
evoked on some occasions by the inhibitory stimuli. 

The following experiment illustrates this condition and shows 
that the stimulus for the long-delayed reflex (buzzer) produced a 
positive effect during the formerly inhibitory phase and had no 
effect during the formerly positive phase. 
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Experiment of Gth December, 1923. 








i Salivary 
Time Conditioned stimulus Secretion in 
drops 
12.48 p.m. Tactile stimulation of thigh (positive), 30 
seconds 0 
10 „n Tactile stimulation of shoulder (inhibitory), 
30 seconds 0 
LT ,„ Bubbling (positive), 30 seconds 1 
1.20 ,, Metronome (positive), 30 seconds 0 
1.40 , Buzzer (positive long delayed), 3 minutes 3, 2,0 
151 , Tactile stimulation of thigh (positive), 30 
seconds 0 
20 , Tactile stimulation of shoulder (inhibitory), 
30 seconds 0 
9.11 ,, Metronome (positive), 30 seconds 0 
2.42 ,, Hissing +metronome (inhibitory), 30 
seconds 0 
2.53 ,, Metronome (positive), 30 seconds 0 


The positive cffcct of the formerly inhibitory stimuli did not de- 
pend upon a weakening of the inhibitory process but was determined 
by disturbances in the excitatory process, appearing in the form of 
the ultra-paradoxical phasc of the cortical elements (see p. 275). 

The genera} condition of the dog during this period of the experi- 
ments was quite satisfactory. It was found in other experiments 
that the differentiation and the conditioned inhibition were also 
weakened, giving place to a salivary secretion. 

The experiments just described show that in these two dogs, 
with different types of nervous system, prolonged disturbances of the 
higher nervous activity which developed under precisely identical 
injurious influences took quite different directions. In the excitable 
dog the inhibitory function of the cortical clements became extremely 
weakened. Inthe quiet dog it was the excitation of the corresponding 
cells (since the stimuli were identical) which became extremely weak. 
In other words, two quite different types of neurosis were produced. 

The experimentally developed neuroses were in both cases 
extremely persistent and prolonged, and even after a break in the 
experiments they showed no tendency to improve. It was now re- 
solved in the case of the excitable dog to employ a valuable thera- 
peutic agent, namely, bromides, since in our early experiments [Drs. 
Nikiforovsky and Deriabin] a strengthening of inhibition was 
sometimes observed under the action of bromides in cases where the 
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internal inhibition was weak. Therefore, after the state of neurosis 
had continued for several months the animal was given 100 cc. 
of 2% solution of potassium bromide daily in the form of an enema. 
It was soon observed that all the forms of internal inhibition began 
quickly to re-establish themselves and in a definite sequence. The 
first to recover completely was the tactile differentiation ; this was 
followed by the conditioned inhibition, and finally by the delay. 
All the reflexes had returned to normal by the tenth day of the 
treatment. 


Experiment of 5th March, 1924. 





Salivary 
Time Conditioned stimulus Secretion in 
drops 
3.0 p.m. Metronome (excitatory rate), 30 seconds 5 
3.12 ,, Hissing + metronome (inhibitory), 30 
seconds 0 
3.28 ,, Bubbling, 30 seconds 8 
3.37 , Buzzer, 3 minutes 2,12, 16 
3.44 , Metronome, 30 seconds 8 
3.55 ,, Metronome (inhibitory rate), 30 seconds 0 
4.10 ,, Bubbling, 30 seconds 7 
4.16 ,, Buzzer, 3 minutes 2, 1, 9 
4.25 ,, Buzzer, 3 minutes 0, 8, 21 


It must be noted that as a result of administration of bromides 
there was no diminution in the magnitude of the positive reflexes. 
On the contrary they were extremely constant. According to these 
and all our previous experiments bromides should not be regarded 
as sedatives diminishing the excitability of the central nervous 
system: they simply regulate the activity of the nervous system 
by strengthening the intensity of internal inhibition. 

Bromides were administered for eleven days only, but the cure 
of the neurosis was permanent and all reflexes remained normal for 
the remaining 24 months of our experimentation. The state of 
neurosis of the “ phlegmatic ”? dog was.not improved by the adminis- 
tration of bromides, nor by other therapeutic measures which were 
tried. The animal was therefore left alone for a very long time, and 
little attention was paid to it. At the end of this period we were 
surprised to find that the animal had spontaneously and completely 
recovered. We shall come across further experiments with this dog 
in the next lecture. 


LECTURE I 


The development of the objective method in investigating the physiological activities 
of the cerebral hemispheres.—Concept of Reflex.—Variety of Reflexes.—Signal- 
reflexes, the most fundamental physiological characteristic of the hemispheres. 


Tur cerebral hemispheres stand out as the crowning achievement 
in the nervous development of the animal kingdom. These structures 
in the higher animals are of considerable dimensions and exceedingly 
complex, being made up in man of millions upon millions of cells— 
centres or foci of nervous activity—varying in size, shape and 
arrangement, and connected with each other by countless branchings 
from their individual processes. Such complexity of structure 
naturally suggests a like complexity of function, which in fact is 
obvious in the higher animal and in man. Consider the dog, which 
has been for so many countless ages the servant of man. Think how 
he may be trained to perform various dutics, watching, hunting, etc. 
We know that this complex behaviour of the animal, undoubtedly 
involving the highest nervous activity, is mainly associated with 
the cerebral hemispheres. If we remove the hemispheres in the 
dog (Goltz! and others*], the animal becomes not only incapable of 
performing these duties but also incapable even of looking after 
itself. It becomes in fact a helpless invalid, and cannot long survive 
unless it be carefully tended. 

In man also the highest nervous activity is dependent upon the 
structural and functional integrity of the cerebral hemispheres. 
As soon as these structures become damaged and their functions 
impaired in any way, so man also becomes an invalid. He can no 
longer proceed with his normal duties, but has to be kept out of 
the working world of his fellow men. 

In astounding contrast with the unbounded activity of the 
cerebral hemispheres stands the meagre content of present-day 
physiological knowledge concerning them. Up to the year 1870, 


1 F, Goltz, “ Der Hund ohne Grosshirn,”’ Pfluger’s Archiv, V. li. p. 570, 1892. 

2M. Rothmann, “ Der Hund ohne Grosshirn.” Neurologisches Central- 
blati, V. xxviii. p. 1045, 1909. 
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in fact, there was no physiology of the hemispheres; they seemed 
to bdout of reach of the physiologist. Inthat year the common physio- 
logical methods of stimulation and extirpation were first applied 
to them [Fritsch and Hitzig®). It was found by these workers that 
stimulation of certain parts of the cortex of the hemispheres (motor 
cortex) regularly evoked contractions in definite groups of skeletal 
muscles : extirpation of these parts of the cortex led to disturbances 
in the normal functioning of the same groups of muscles. Shortly 
afterwards it was demonstrated [Ferrier,?, H. Munk®] that other areas 
of the cortex which do not evoke any motor activity in response to 
stimulation are also functionally differentiated. Extirpation of 
these areas leads to definite defects in the nervous activity associated 
with certain receptor organs, such as the retina of the eye, the organ 
of Corti, and the sensory nerve-endings in the skin. Searching 
investigations have been made, and still are being made, by numerous 
workers on this question of localization of function in the cortex.’ 
Our knowledge has been increased in precision and filled out in 
detail, especially as regards the motor area, and has even found 
useful application in medicine. These investigations, however, did 
not proceed fundamentally beyond the position established by 
Fritsch and Hitzig. The important question of the physiological 
mechanism of the whole higher and complex behaviour of the animal 
which is—as Goltz showed—dependent upon the cerebral hemis- 
pheres, was not touched in any of these investigations and formed 
no part of the current physiological knowledge. a 

When therefore we ask the questions: What do those facts 
which have up to the present been at the disposal of the physiologist 
explain with regard to the behaviour of the higher animals ? What 
general scheme of the highest nervous activity can they give ? or 
what general rules governing this activity can they help us to formu- 
late ?—the modern physiologist finds himself at a loss and can give 
no satisfactory reply. The problem of the mechanism of this 
complex structure which is so rich in function has got hidden away 
in a corner, and this unlimited field, so fertile in possibilities for 
research, has never been adequately explored. 


1 Fritsch und E. Hitzig, ‘‘ Ueber die elektrische Erregbarkeit des Gross- 
hirns.” Archiv fur (Anatomie und) Physiologie, p. 300, 1870. 
2 D. Ferrier, Functions of the Brain, London, 1876. 


3H. Munk, Ueber die Functionen der Grosshirnrinde, Berlin, 1890 and 
1909. 
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If this be the case there is no need for the physiologist to have 
recourse to psychology. It would be more natural that experimental 
investigation of the physiological activities of the hemispheres 
should lay a solid foundation for a future true science of psychology » 
such a course is more likely to lead to the advancement of this 
branch of natural science. 

The physiologist must thus take his own path, where a trail has 
already been blazed for him. Three hundred years ago Descartes 
evolved the idea of the reflex. Starting from the assumption that 
animals behaved simply as machines, he regarded every activity of 
the organism as a necessary reaction to some external stimulus, 
the connection between the stimulus and the response being made 
through a definite nervous path: and this connection, he stated, 
was the fundamental purpose of the nervous structures in the animal 
body. This was the basis on which the study of the nervous system 
was firmly established. In the eighteenth, nineteenth and twentieth 
centuries the conception of the reflex was used to the full by 
physiologists. Working at first only on the lower parts of the central 
nervous system, they came gradually to study more highly developed 
parts, until quite recently Magnus, continuing the classical investi- 
gations of Sherrington? upon the spinal reflexes, has succeeded in 
demonstrating the reflex nature of all the elementary motor activities 
of the animal organism. Descartes’ conception of the reflex was 
constantly and fruitfully applied in these studies, but its application 
has stopped short of the cerebral cortex. 

It may be hoped that some of the more complex activities of 
the body, which are made up by a grouping together of the elementary 
locomotor activities, and which enter into the states referred to in 
psychological phraseology as “ playfulness,” `“ fear,” “ anger,” and 
so forth, will soon be demonstrated as reflex activities of the sub- 
cortical parts of the brain. A bold attempt to apply the idea of 
the reflex to the activities of the hemispheres was made by the 
Russian physiologist, 1. M. Sechenov, on the basis of the knowledge 
available in his day of the physiology of the central nervous system. 
In a pamphlet entitled ‘“‘ Reflexes of the Brain,” published in 
Russian in 1863, he attempted to represent the activities of the 
cerebral hemispheres as reflex—that is to say, as determined. 

1 R. Magnus, Korperstellung, Berlin, 1924. 

2C. S. Sherrington, The Integrative Action of the Nervous System, London, 
1906. 
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Thoughts he regarded as reflexes in which the effcctor path was 
inhibited, while great outbursts of passion he regarded as exaggerated 
reflexes with a wide irradiation of excitation. A similar attempt 
was made more recently by Ch. Richet,! who introduced the concep- ` 
tion of the psychic reflex, in which the response following on a given 
stimulus is supposed to be dctermincd by the association of this 
stimulus with the traccs Icft in the hemispheres by past stimuli. 
And generally speaking, recent physiology shows a tendency to 
regard the highest activities of the hemispheres as an association 
of the new excitations at any given time with traces left by old ones 
(associative memory, training, education by experience). 

All this, however, was mere conjecture. The time was ripe for 
a transition to the experimental analysis of the subject—an analysis 
which must be as objective as the analysis in any other branch of 
natural science. An impetus was given to this transition by the 
rapidly developing science of comparative physiology, which itself 
sprang up as a direct result of the Theory of Evolution. In dealing 
with the lower members of the animal kingdom physiologists were, 
of necessity, compelled to reject anthropomorphic preconceptions, 
and to direct all their effort towards the elucidation of the connections 
between the external stimulus and the resulting response, whether 
locomotor or other reaction. This led to the development of Loeb’s 
doctrine of Animal Tropisms ;? to the introduction of a new objective 
terminology to describe animal reactions [Beer, Bethe and Uexkiill 9] ; 
and finally, iteled to the investigation by zoologists, using purely 
objective methods, of the behaviour of the lower members of the 
animal kingdom in response to external stimuli—as for example in 
the classical researches of Jennings.* 

Under the influence of these new tendencies in biology, which 
appealed to the practical bent of the American mind, the American 
School of Psychologists—already interested in the comparative 
study of psychology—evinced a disposition to subject the highest 
nervous activities of animals to experimental analysis under various 

1Ch. Richet, Réflexes Psychiques. Réflexes Conditionels. Automatisme 
Mental. Pavlov’s Jubilee Volume, Petrograd, 1925. 

2 J. Loeb, Studies in General Physiology, Chicago, 1905. 


3 Beer, Bethe und Uexkiill, “ Vorschläge zu einer objectivirenden Nomen- 
klatur in der Physiologie des Nervensystems,” Biologisches Centralblatt, 
V. xix. p. 517, 1899. 


1 H. S. Jennings, The Behavior of Lower Organisms, New York, 1906. 


6 CONDITIONED REFLEXES 


specially devised conditions. We may fairly regard the treatise 
by Thorndyke, The Animal Intelligence (1898),1 as the starting 
point for systematic investigations of this kind. In these investi- 
“gations the animal was kept in a box, and food was placed outside 
the box so that it was visible to the animal. In order to get the food 
the animal had to open a door, which was fastened by various suitable 
contrivances in the different experiments. Tables and charts were 
made showing how quickly and in what manner the animal solved 
the problems sct it. The whole process was understood as being 
the formation of an association between the visual and tactile 
stimuli on the one hand and the locomotor apparatus on the other. 
This method, with its modifications, was subsequently applied by 
numerous authors to the study of questions relating to the associative 
ability of various animals. 

At about the same time as Thorndyke was engaged on this work, 
1 myself (being then quite ignorant of his researches) was also led 
to the objective study of the hemispheres, by the following circum- 
stance : In the course of a detailed investigation into the activities 
of the digestive glands I had to inquire into the so-called psychic 
secretion of some of the glands, a task which I attempted in con- 
junction with a collaborator. As a result of this investigation an 
unqualified conviction of the futility of subjective methods of 
inquiry was firmly stamped upon my mind. It became clear that 
the only satisfactory solution of the problem lay in an experimental 
investigation by strictly objective methods. For this purpose I 
started to record all the external stimuli falling on the animal at 
the time its reflex reaction was manifested (in this particular case 
the secretion of saliva), at the same time recording all changes in 
the reaction of the animal. 

This was the beginning of these investigations, which have gone 
on now for twenty-five years—years in which numerous fellow- 
workers on whom I now look back with tender affection have united 
with mine in this work their hearts and hands. We have of course 
passed through many stages, and only gradually has the subject 
been opened up and the difficulties overcome. At first only a few 
scattered facts were available, but to-day sufficient material has 
been gathered together to warrant an attempt to present it in a 
more or less systematized form. At the present time I am in a 

1 E. L. Thorndyke, The Animal Intelligence, An Experimental Study of the 
Associative Processes in Animals, New York, 1898. 
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position to present you with a physiological interpretation of the 
activities of the cerebral hemispheres which is, at any rate, more 
in keeping with the structural and functional complexity of this 
organ than is the collection of fragmentary, though very important, - 
facts which up to the present have represented all the knowledge of 
this subject. Work on the lines of purely objective investigation 
into the highest nervous activities has been conducted in the main 
in the laboratories under my control, and over a hundred col- 
laborators have taken part. Work on somewhat similar lines to 
ours has been done by the American psychologists. Up to the 
present, however, there has been one essential point of difference 
between the American School and ourselves. Being psychologists, 
their mode of experimentation, in spite of the fact that they are 
studying these activities on their external aspect, is mostly psycho- 
logical—at any rate so far as the arrangement of problems and their 
analysis and the formulation of results are concerned. Therefore— 
with the exception of a small group of “ behaviourists ’”—their 
work cannot be regarded as purely physiological in character. We, 
having started from physiology, continue to adhere strictly to the 
physiological point of view, investigating and systematizing the 
whole subject by physiological methods alone. As regards other 
physiological laboratories a few only have directed their attention 
to this subject, and that recently ; nor have their investigations 
extended beyond the limits of a preliminary inquiry. 

I shall now, turn to the description of our material, first giving 
as a preliminary an account of the general conception of the reflex, 
of specific physiological reflexes, and of the so-called “ instincts.” 
Our starting point. has been Descartes’ idea of the nervous reflex. 
This is a genuine scientific conception, since it implies necessity. 
It may be summed up as follows : An external or internal stimulus 
falls on some one or other nervous receptor and gives rise to a 
nervous impulse ; this nervous impulse is transmitted along nerve 
fibres to the central nervous system, and here, on account of existing 
nervous connections, it gives rise to a fresh impulse which’ passes 
along outgoing nerve fibres to the active organ, where it excites a 
special activity of the cellular structures. Thus a stimulus appears 
to be connected of necessity with a definite response, as cause with 
effect. It seems obvious that the whole activity of the organism 
should conform to definite laws. If the animal were not in exact 
correspondence with its environment it would, sooner or later, 


8 CONDITIONED REFLEXES 


cease to exist. To give a biological example: if, instead of being 
attracted to food, the animal were repelled by it, or if instead of 
running from fire the animal threw itself into the fire, then it would 
quickly perish. The animal must respond to changes in the en- 
vironment in such a manner that its responsive activity is directed 
towards the preservation of its existence. This conclusion holds 
also if we consider the living organism in terms of physical and 
chemical science. Every material system can exist as an entity 
only so long as its internal forces, attraction, cohesion, etc., balance 
the external forces acting upon it. This is true for an ordinary 
stone just as much as for the most complex chemical substances ; 
and its truth should be recognized also for the animal organism. 
Being a definite circumscribed material system, it can only continue 
to exist so long as it is in continuous equilibrium with the forces 
external to it : so soon as this equilibrium is seriously disturbed the 
organism will cease to exist as the entity it was. Reflexes are the 
elemental units in the mechanism of perpetual equilibration. 
Physiologists have studied and are studying at the present 
time these numerous inachine-like, inevitable reactions of the 
organism—reflexes existing from the very birth of the animal, 
and due therefore to the inherent organization of the nervous 
system. 

Reflexes, like the driving-belts of machines of human design, 
may be of two kinds—positive and negative, excitatory and inhibi- 
tory. Although the investigation of these reflexes by physiologists 
has been going on now for a long time, it is as yet not ‘nearly finished. 
Fresh reflexes are continually being discovcred. We are ignorant 
of the properties of those receptor organs for which the effective 
stimulus arises inside the organism, and the internal reflexes them- 
selves remain a field unexplored. The paths by which nervous 
impulses are conducted in the central nervous system are for the 
most part little known, or not ascertained at all. The mechanism 
of inhibitions confined within the central nervous system remains 
quite obscure : we know something only of those inhibitory réflexes 
which manifest theniselves along the inhibitory efferent nerves. 
Furthermore, the combination and interaction of different reflexes 
are as yct insufficiently understood. Nevertheless physiologists are 
succeeding more and more in unravelling the mechanism of these 
machine-like activities of the organism, and may reasonably be 
expected to elucidate and control it in the end. 


INSTINCT : 9 

To those reflexcs which have long been the subject of physiological 
investigation, and which concern chiefly the activities of separate 
organs and tissues, there should be added another group of inborn 
reflexes. These also take place in the nervous system, and they are 
the inevitable reactions to perfectly definite stimuli. They have to 
do with reactions of the organism as a whole, and comprise that 
general behaviour of the animal which has been termed “ instinctive.” 
Since complete agreement as regards the essential affinity of these 
reactions to the reflex has not yet been attained, we must discuss 
this question more fully. We owe to the English philosopher, 
Herbert Spencer, the suggestion that instinctive reactions are reflexes. 
Ample evidence was later advanced by zoologists, physiologists, and 
students of comparative psychology in support of this. JI propose 
here to bring together the various arguments in favour of this view. 
Between the simplest reflex and the instinct we can find numerous 
stages of transition, and among these we are puzzled to find any line 
of demarcation. To exemplify this we may take the newly hatched 
chick. This little creature reacts by pecking to any stimulus that. 
catches the eye, whether it be a real object or only a stain in the 
surface it is walking upon. In what way shall we say that this 
differs from the inclining of the head, the closing of the lids, when 
something flicks past its eyes ? We should call this last a defensive 
reflex, but the first has been termed a feeding instinct: although 
in pecking nothing but an inclination of the head and a movement 
of the beak occurs. 

It has also been maintained that instincts are more complex than 
reflexes. There are, however, exceedingly complex reflexes which 
nobody would term instincts. We may take vomiting as an example. 
This is very complex and involves the co-ordination of a large number 
of muscles (both striped and plain) spread over a large area and 
usually employed in quite different functions of the organism. It 
involves also a secretory activity on the part of certain glands which 
is usually evoked for a quite different purpose. 

Again, it has been assumed that the long train of actions involved 
in certain instinctive activities affords a distinctive point of contrast 
with the reflex, which is regarded as always being built on a simple 
scale. By way of example we may take the building of a nest, or 
of dwellings in general, by animals. A chain of incidents is linked 
together : material is gathered and carried to the site chosen ; there 
it is built up and strengthened. To look upon this as reflex we must 
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assume that one reflex initiates the next following—or, in other 
words, we must regard it as a chain-reflex. But this linking up of 
activities is not peculiar to instincts alone. We are familiar with 
numerous reflexes which most certainly fuse into chains. Thus, for 
example, if we stimulate an afferent nerve, e.g. the sciatic nerve, a 
reflex rise of blood pressure occurs; the high pressure in the left 
ventricle of the heart, and first part of the aorta, serves as the 
effective stimulus to a second reflex, this time a depressor reflex 
which has a moderating influence on the first. Again, we may take 
one of the chain reflexes recently established by Magnus. A cat, 
even when deprived of its cerebral hemispheres. will in most cases 
land on its feet when thrown from a height. How is this managed ? 
When the position of the otolithic organ in space is altered a definite 
reflex is evoked which brings about a contraction of the muscles in 
the neck, restoring the animal’s head to the normal position. This 
is the first reflex. With the righting of the head a fresh reflex is 
evoked, and certain muscles of the trunk and limbs are brought into 
play, restoring the animal to the standing posture. This is the 
second reflex. 

Some, again, object to the identification of instincts with reflexes 
on this ground : instincts, they say, frequently depend upon the 
internal state of an organism. For instance, a bird only builds its 
nest in the mating season. Or, to take a simpler case, when an 
animal is satiated with eating, then food has no longer any attraction 
and the animal leaves off eating. Again, the same is true of the 
sexual impulse. This depends on the age of the organism, and on 
the state of the reproductive glands ; and a considerable influence 
is exerted by hormones (the products of the glands of internal 
secretion). But this dependence cannot be claimed as a peculiar 
property of “instincts.” The intensity of any reflex, indeed its 
very presence, is dependent on the irritability of the centres, which 
in turn depends constantly on the physical and chemical properties 
of the blood (automatic stimulation of centres) and on the interaction 
of reflexes. . 

. Last of all, it is sometimes held that whereas reflexes determine 
only the activities of single organs and tissues, instincts involve the 
activity of the organism as a whole. We now know, however, from 
the recent investigations of Magnus and de Kleijn, that standing, 
walking and the maintenance of postural balance in general, are all 
nothing but reflexes. 
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It follows from all this that instincts and reflexes are alike the 
inevitable responses of the organism to internal and external stimuli, 
and therefore we have no need to call them by two different terms. 
Reflex has the better claim of the two, in that it has been used from 
the very beginning with a strictly scientific connotation. 

The aggregate of reflexes constitutes the foundation of the 
nervous activities both of men and of animals. It is therefore of 
great importance to study in detail all the fundamental reflexes of 
the organism. Up to the present, unfortunately, this is far from 
being accomplished, especially, as I have mentioned before, in the 
case of those reflexes which have been known vaguely as “instincts.” 
Our knowledge of these latter is very limited and fragmentary. 
Their classification under such headings as ‘‘alimentary,” “‘defen- 
sive,” “ sexual,” “ parental” and “social ” instincts, is thoroughly 
inadequate. Under each of these heads is assembled often a large 
number of individual reflexes. Some of these are quite unidentified ; 
some arc confused with others; and many are still only partially 
appreciated. I can demonstrate from my own experience to what: 
extent the subject remains inchoate and full of gaps. In the course 
of the researches which I shall presently explain, we were completely 
at a loss on one occasion to find any cause for the peculiar behaviour of 
an animal. It was evidently a very tractable dog, which soon became 
very friendly with us. We started off with a very simple experiment. 
The dog was placed in a stand with loose loops round its legs, but so 
as to be quite comfortable and free to move a pace or two. Nothing 
more was done except to present the animal repeatedly with food 
at intervals of some minutes. It stood quietly enough at first, and 
ate quite readily, but as time went on it hecame excited and struggled 
to get out of the stand, scratching at the floor, gnawing the supports, 
and so on. This ceaseless muscular exertion was accompanied by 
breathlessness and continuous salivation, which persisted at every 
experiment during several weeks, the animal getting worse and worse 
until it was no longer fitted for our researches. For a long time we 
remained puzzled over the unusual behaviour of this animal. We 
tried out experimentally numerous possible interpretations, but 
though we had had long experience with a great number of dogs in 
our laboratories we could not work out a satisfactory solution of 
this strange behaviour, until it occurred to us at last that it might 
be the expression of a special freedom reflex, and that the dog 
simply could not remain quiet when it was constrained in the stand. 
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This reflex was overcome by setting off another against it—the 
reflex for food. We began to give the dog the whole of its food in 
the stand. At first the animal ate but little, and lost considerably 
in weight, but gradually it got to eat more, until at last the whole 
ration was consumed. At the same time the animal grew quieter 
during the course of the experiments: the freedom reflex was being 
inhibited. It is clear that the freedom refiex is one of the most 
important reflexes, or, if we use a more general term, reactions, of 
living beings. This reflex has even yet to find its final recognition. 
In James’s writings it is not even enumerated among the special 
human “instincts.” But it is clear that if the animal were not 
provided with a reflex of protest against boundaries set to its freedom, 
the smallest obstacle in its path would interfere with the proper 
fulfilment of its natural functions. Some animals as we all know 
have this freedom reflex to such a degree that when placed in captivity 
they refuse all food, sicken and die. 

As another example of a reflex which is very much neglected we 
may refer to what may be called the investigatory reflex. I call it 
the “ What-is-it ? ” reflex. It is this reflex which brings about the 
immediate response in man and animals to the slightest changes 
in the world around them, so that they immediately orientate their 
appropriate receptor organ in accordance with the perceptible 
quality in the agent bringing about the change, making full investi- 
gation of it. The biological significance of this reflex is obvious. 
If the animal were not provided with such a reflex its life would 
hang at every moment by a thread. In man this reflex has been 
greatly developed with far-reaching results, being represented in 
its highest form by inquisitiveness—the parent of that scientific 
method through which we may hope one day to come to a true 
orientation in knowledge of the world around us. 

Still less has been done towards the elucidation of the class of 
negative or inhibitory reflexes (instincts) which are often evoked 
by any strong stimulus or even by weak stimuli, if unusual. Animal 
hypnotism, so-called, belongs to this category. 

As the fundamental nervous reactions both of men and of animals 
are inborn in the form of definite reflexes, I must again emphasize 
how important it is to compile a complete list comprising all these 
reflexes with their adequate classification. For, as will be shown 
later on, all the remaining nervous functions of the animal organism 
are based upon these reflexes. Now, although the possession of such 
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reflexes as those just described constitutes the fundamental condition 
for the natural survival of the animal, they are not in themselves 
sufficient to ensure a prolonged, stable and normal existence. This 
can be shown in dogs in which the cerebral hemispheres have been 
removed. Leaving out of account the internal reflexes, such a dog 
still retains the fundamental external reflexes. It is attracted by 
food ; it is repelled by nocuous stimuli ; it exhibits the investigatory 
reflex, raising its head and pricking up its ears to sound. In addition 
it exhibits the freedom reflex, offering a powerful resistance to any 
restraint. Nevertheless it is wholly incapable of looking after itself, 
and if left to itself will very soon die. Evidently something important 
is missing in its present nervous make-up. What nervous activities 
can it have lost ? It is easily seen that, in this dog, the number of 
stimuli evoking reflex reaction is considerably diminished ; those 
remaining are of an elemental, generalized nature, and act at a very 
short range. Consequently the dynamic equilibrium between the 
inner forces of the animal system and the external forces in its 
environment has become elemental as compared with the exquisite . 
adaptability of the normal animal, and the simpler balance is 
obviously inadequate to life. 

Let us return now to the simplest reflex from which our investi- 
gations started. If food or some rejectable substance finds its way 
into the mouth, a secretion of saliva is produced. The purpose of 
this secretion is in the case of food to alter it chemically, in the case 
of a rejectable spbstance to dilute and wash it out of the mouth. 
This is an example of a reflex due to the physical and chemical 
properties of a substance when it comes into contact with the mucous 
membrane of the mouth and tongue. But, in addition to this, a 
similar reflex secretion is evoked when these substances are placed 
at a distance from the dog and the receptor organs affected are only 
those of smell and sight. Even the vessel from which the food has 
been given is sufficient to evoke an alimentary reflex complete in 
all its details ; and, further, the secretion may be provoked even by 
the sight of the person who brought the vessel, or by the sound of 
his footsteps. All these innumerable stimuli falling upon the several 
finely discriminating distance receptors lose their power for ever as 
soon as the hemispheres are taken from the animal, and those only 
which have a direct effect on mouth and tongue still retain their 
power. The great advantage to the organism of a capacity to react 
to the former stimuli is evident, for it is in virtue of their action that 
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food finding its way into the mouth immediately encounters plenty 
of moistening saliva, and rejectable substances, often nocuous to 
the mucous membrane, find a laycr of protective saliva already in 
the mouth which rapidly dilutes and washes them out. Even greater 
is their importance when they evoke the motor component of the 
complex reflex of nutrition, ż.e. when they act as stimuli to the 
reflex of seeking food. 

Here is another example—the reflex of self-defence. The strong 
carnivorous animal preys on weaker animals, and these if they 
waited to defend themselves until the teeth of the foe were in their 
flesh would speedily be exterminated. The case takes on a different 
aspect when the defence reflex is called into play by the sights and 
sounds of the enemy’s approach. Then the prey has a chance to 
save itself by hiding or by flight. 

How can we describe, in general, this difference in the dynamic 
balance of life between the normal and the decorticated animal ? 
What is the general mechanism and law of this distinction ? It is 
pretty evident that under natural conditions the normal animal must 
respond not only to stimuli which themselves bring immediate 
benefit or harm, but also to other physical or chemical agencies— 
waves of sound, light, and the like—which in themselves only signal 
the approach of these stimuli; though it is not the sight and sound 
of the beast of prey which is in itself harmful to the smaller animal, 
but its teeth and claws. 

Now although the signalling stimuli do play a part in those com- 
paratively simple reflexes we have given as examples, yet this is not 
the most important point. The essential feature of the highest acti- 
vity of the central nervous system, with which we are concerned and 
which in the higher animals most probably belongs entirely to the 
hemispheres, consists not in the fact that innumerable signalling 
stimuli do initiate reflex reactions in the animal, but in the fact that 
under different conditions these same stimuli may initiate quite 
different reflex reactions; and conversely the same reaction may 
be initiated by different stimuli. 

In the above-mentioned example of the salivary reflex, the 
signal at one time is one particular vessel, at another time another ; 
under certain conditions one man, under different conditions another 
—strictly depending upon which vessel had been used in feeding 
and which man had brought the vessel and given food to the dog. 
This evidently makes the machine-like responsive activities of the 
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Technical methods employed in the objective investigation of the functions of the 
cerebral hemispheres.—Response to signals as reflex action.—Unconditioned and 
conditioned reflexes.—Necessary conditions for the development of conditioned 
reflexes. 


In the previous lecture I gave an account of the reasons which led 
us to adopt, for the investigation of the functions of the cerebral 
hemispheres, the purely objective method used for investigating the 
physiological activity of the lower parts of the nervous system. In 
this manner the investigation of the cerebral hemispheres is brought 
into line with the investigations conducted in other branches of 
-natural science, and their activities are studied as purely physiological 
facts, without any need to resort to fantastic speculations as to the 
existence of any possible subjective state in the animal which may 
be conjectured on analogy with ourselves. From this point of view 
the whole nervous activity of the animal must be regarded as based 
firstly on inborn reflexes. These are regular causal connections 
between certain definite external stimuli acting on the organism 
and its necessary reflex reactions. Such inborn reflexes are com- 
paratively few in number, and the stimuli setting them in action 
act close up, being as a rule the general physical and chemical 
properties of the common agencies which affect the organism. The 
inborn reflexes by themselves are inadequate to ensure the continued 
existence of the organism, especially of the more highly organized 
animals, which, when deprived of their m,hest nervous activity, 
are permanently disabled, and if left to themselves, although retaining 
all their inborn reflexes, soon cease to exist. The complex conditions 
of everyday existence require a much more detailed and specialized 
correlation between the animal and its environment than is afforded 
by the inborn reflexes alone. This more precise correlation can be 
established only through the medium of the cerebral hemispheres ; 
and we have found that a great number of all sorts of stimuli always 
act through the medium of the hemispheres as temporary and inter- 
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of a general charactcr which determine the inborn reflexes, and that 
this is the only mcans by which a most delicate adjustment of the 
organism to the environment can be established. To this function 
of the hemispheres we gave the name of “ signalization.” 

Before passing on to describe the results of our investigation it 
is necessary to give some account of the purely technical side of the 
methods employed, and to describe the general way in which the 
signalizing activity of the hemispheres can be studied. It is obvious 
that the reflex activity of any effector organ can be chosen for the 
purpose of this investigation, since signalling stimuli can get 
linked up with any of the inborn reflexes. But, as was mentioned 
in the first lecture, the starting point for the present investigation 
was determined in particular by the study of two retlexes—the food 
or “alimentary ” reflex, and the “ defence” refiex in its mildest 
form, as observed when a rejectable substance finds its way into 
the mouth of the animal. As it turned out, these two reflexes proved 
a fortunate choice in many ways. Indeed, while any strong defence 
reflex, e.g. against such a stimulus as a powerful electric current, 
makes the animal extremely restless and excited ; and while the 
sexual reflexes require a special environment—to say nothing of 
their periodic character and their dependence upon age—the ali- 
mentary reflex and the mild defence refiex to rejectable substances 
are normal everyday occurrences. 

It is essential to realize that each of these two reflexes—the 
alimentary reflex and the mild defence reflex to rejectable substances 
—consists of two distinct components, a motor and a secretory. 
Firstly the animal exhibits a reflex activity directed towards getting 
hold of the food and eating it or, in the case of rejectable substances, 
towards getting rid of them out of the mouth; and secondly, in 
both cases an immediate secretion of saliva occurs, in the case of 
food, to start the physical and chemical processes of digestion and, 
in the case of rejectable substances, to wash them out of the mouth. 
We confined our experiments almost entirely to the secretory 
component of the reflex : the allied motor reactions were taken into 
account only where there were special reasons. The secretory reflex 
presents many important advantages for our purpose. It allows of 
an extremely accurate measurement of the intensity of reflex 
activity, since either the number of drops in a given time may be 
counted or else the saliva may be caused to displace a coloured fluid 
in a horizontally placed graduated glass tube. It would be much 
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more difficult to obtain the same accuracy of measurement for any 
motor reflex, especially for such complex motor reactions as accom- 
pany reflexes to food or to rejectable substances. Even by using 
most delicate instruments we should never be able to reach such 
precision in measuring the intensity of the motor component of the 
reflexes as can easily be attained with the secretory component. 
Again, a very important point in favour of the secretory reflexes is 
the much smaller tendency to interpret them in an anthropomorphic 
fashion—+.e. in terms of subjective analogy. Although this seems 
a trivial consideration from our present standpoint, it was of 
importance in the earlier stages of our investigation and did 
undoubtedly influence our choice. 

For the purpose of registering the intensity of the salivary reflex 
all the dogs employed in the experiments are subjected to a prelimi- 
nary minor operation, which-consists in the transplantation of the 
opening of the salivary duct from its natural place on the mucous 
membrane of the mouth to the outside skin. For this purpose the 
terminal portion of the salivary duct is dissected and freed from the 
surrounding tissue, and the duct, together with a small portion of 
the mucous membrane surrounding its natural opening, is carried 
through a suitable incision, to the outside of the cheek in the case 
of the parotid gland, or under the chin in the case of the submaxillary 
gland. In this new position the duct is fixed by a few stitches which 
are removed when the wound has healed. As a result of the operation 
the saliva now flows to the outside, on to the cheek or chin of the 
animal, instead of into the mouth, so that the measurement of the 
secretory activity of the gland is greatly facilitated. It is only 
necessary for this purpose to adjust a small glass funnel over the 
opening of the duct on to the skin, and for this we find a special 
cement prepared according to a formula of Mendeléeff+ most useful. 
As an alternative, very suitable and accurate as a recording apparatus 
is a hemispherical bulb which also can be hermetically sealed on to 
the skin. From the bulb project two tubes, one pointing up and the 
other pointing down. The latter tube is used for drawing off the 
saliva which collects during each observation, while the former tube 
connects by air transmission with a horizontal graduated glass tube 
filled with coloured fluid. As the saliva flows into the hemispherical 
bulb the coloured fluid is displaced along the graduated tube, where 


1 Mendeléeff’s cement: Colophonium, 50 grammes; ferric oxide, 40 
grammes ; yellow beeswax, 25 grammes. 
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the amount of sccretion can be read off accurately. Further, it is 
not difficult to fix up an automatic elcctrically-recording device which 
will split up the displaced fluid into drops of exactly equal volume 
and reduce any lag in the movement of the fluid to a minimum.t 
To come to the general technique of the experiments, it is impor- 
tant to remember that our research deals with the highly specialized 





Fia. 1.—The apparatus used for recording the salivary scerction in experiments on condi- 
tioned reflexes. A, hemispherical bulb which is fixed over the fistula. aau, connectiug tube 
leading through the partition separating the anim.l’sroom from the experimenter and connecting 
the bulb A to the Pegistering apparntus, B. bb, tube connccting the bulb with bottle, C. 

After each observation a vacuum is created in tho bottle C by depression of the rubber 
balloon D; the saliva accumulating m A is thus sucked away. During tho observation „i 
işs automatically disconnected from C and connctted with the registcriug apparatus. During 
the aspirations of the sthva froin bulb 4 the Jatter 1» automatically disconnected from the 
registering apparatus. 


activity of the cerebral cortex, a signalizing apparatus of tremendous 
complexity and of most exquisite sensitivity, through which the 


1In almost all the experiments quoted in these lectures the amount of 
salivary secretion is, for the sake of uniformity. given in drops. It was, 
however, only in the very earliest period of the rescarch—before the separation 
of the experimenter from tho animal was inade—that tho actual number of 
drops falling from a small funnel fixed over the fistula was counted, and only 
a few of these experiments are given. In the great majority of the experiments 
the salivary secretion was measured by the displacement of water in a gradu- 
ated tube or by tho electric recorder, allowing a much greater accuracy of 
measurement. The readings so obtainod have been converted, in the tables, 
into drops. Thus, in some experiments it will be noticed that the number 
of drops is given to an accuracy of one-tenth. 
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animal is influenced by countless stimuli from the outside world. 
Every one of these stimuli produces a certain effect upon the animal, 
and all of them taken together may clash and interfere with, or else 
reinforce, one another. Unless we are careful to take special pre- 
cautions the success of the whole investigation may be jeopardized, 
and we should get hopelessly lost as soon as we began to seek for 
cause and effect among so many and various influences, so intertwined 
and entangled as to form a veritable chaos. It was evident that the 
experimental conditions had to be simplified, and that this simpli- 
fication must consist in eliminating as far as possible any stimuli 
outside our control which might fall upon the animal, admitting 
only such stimuli as could be entirely controlled by the experimenter. 
It was thought at the beginning of our research that it would be 
sufficient simply to isolate the experimenter in the research chamber 
with the dog on its stand, and to refuse admission to anyone else 
during the course of an experiment. But this precaution was found 
to be wholly inadequate, since the experimenter, however still he 
might try to be, was himself a constant source of a large number of 
stimuli. His slightest movements—blinking of the eyelids or 
movement of the eyes, posture, respiration and so on—all acted as 
stimuli which, falling upon the dog, were sufficient to vitiate the 
experiments by making exact interpretation of the results extremely 
difficult. In order to exclude this undue influence on the part of 
the experimenter as far as possible, he had to be stationed outside 
the room in which the dog was placed, and even this precaution 
proved unsuccessful in laboratories not specially designed for the 
study of these particular reflexes. The environment of the animal, 
even when shut up by itself in a room, is perpetually changing. 
Footfalls of a passer-by, chance conversations in neighbouring rooms, 
slamming of a door or vibration from a passing van, street-cries, 
even shadows cast through the windows into the room, any of these 
casual uncontrolled stimuli falling upon the receptors of the dog set 
up a disturbance in the cerebral hemispheres and vitiate the experi- 
ments. To get over all these disturbing factors a special laboratory 
was built at the Institute of Experimental Medicine in Petrograd, 
the funds being provided by a keen and public-spirited Moscow 
business man. The primary task was the protection of the dogs 
from uncontrolled extraneous stimuli, and this was effected by sur- 
rounding the building with an isolating trench and employing other 
special structural devices. Inside the building all the research rooms 
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(four to each floor) were isolated from one another by a cross-shaped 
corridor ; the top and ground floors, where these rooms were situated, 
were separated by an intermediate floor. Each research room was 
carefully partitioned by the use of sound-proof materials into two 
compartments—one for the animal, the other for the experimenter. 
For stimulating the animal, and for registering the corresponding 
reflex response, electrical methods or pneumatic transmission were 
used. By means of these arrangements it was possible to get some- 
thing of that stability of environmental conditions so essential to 
the carrying out of a successful experiment. 

Another point should be mentioned—although in this respect 
the means at our disposal still leave something to be desired. In 
analysing the exceedingly complex influence of the external environ- 
ment upon the animal, the experimentcr must be able to exercise 
full control over all the conditions obtaining during the course of 
any experiment. He should therefore have at his disposal various 
instruments for affecting the animal by different kinds of stimuli, 
singly or combined, so as to imitate simple natural conditions. 
But we were often handicapped by the conditions in which we 
had to work and by the shortcomings of the instruments at our 
disposal, for we always found that the cerebral hemispheres 
were sensitive to far finer gradations of stimulus than we could 
furnish. 

It is possible that the experimental conditions I have described 
may raise somgwhere the objection of being abnormal and artificial. 
However it is hardly likely, in view of the infinite variety of stimuli 
met with under natural conditions, that we shall hit on one that is 
quite unprecedented in the life of the animal. Moreover, in dealing 
with any phenomenon of vast complexity it is absolutely necessary 
to isolate the different single factors involved, so as to study them 
independently, or in arbitrary groups in which we can keep the 
individual units under control. But as a matter of fact the same 
objection and the same answer apply equally to the whole of animal 
physiology. For instance, the methods of vivisection and of the 
study of isolated organs and tissues, which aim at the same isolation 
of different individual functions, have been constantly employed, 
and we may safely say that the greater part of the achievements 
of physiology are due to the successful application of such methods 
of control. In our experiments it is the whole animal which is 
placed under a limited number of rigidly defined conditions, and 
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only by this method is it possible to study the reflexes independently 
of one another. 

The foregoing remarks give an idea of our general aim and of the 
technical side of our methods. I propose to introduce you to the 
first and most clementary principles of the subject matter of our 
research by means of a few demonstrations : 

Demonstration.—The dog used in the following experiment has 
been operated upon as described previously. It can be scen that 
so long as no spccial stimulus is applied the salivary glands remain 
quite inactive. But when the sounds from a beating metrononic 
are allowed to fall upon the ear, a salivary secretion begins after 
9 seconds, and in the course of 45 seconds eleven drops have been 
seereted. ‘The activity of the salivary gland has thus been called 
into play by impulses of sound—a stimulus quite alien to food. 
This activity of the salivary gland cannot be regarded as anything 
else than a component of the alimentary reflex. Besides the secretory, 
the motor component of the food reflex is also very apparent in 
experiments of this kind. In this very experiment the dog turns in 
the direction from which it has been customary to present the food 
and begins to lick its lips vigorously. 

This experiment is an example of a central nervous activity 
depending on the integrity of the hemispheres. A decerebrate dog 
would never have responded by salivary secretion to any stimulus 
of the kind. It is obvious also that the underlying principle of this 
activity is signalization. The sound of the metronome is the signal 
for food, and the animal reacts to the signal in the same way as if 
it were fool; no distinction can be observed between the effects 
produced on the animal by the sounds of the beating metronome and 
showing it real food. 

Demonstration.—Food is shown to the animal. The salivary 
secretion begins after 5 seconds, and six drops are collected in 
the course of 15 seconds. The effect is the samie as that observed 
with the sounds of the metronome. It is again a case of signalization, 
and is due to the activity of the hemispheres. 

That the effect of sight and smell of food is not due to an inborn 
reflex, but to a reflex which has been acquired in the course of the 
animal’s own individual existence, was shown by expcriments carried. 
out by Dr. Zitovich in the laboratory of the late Prof. Vartanov. 
Dr. Zitovich took several young puppies away from their mother 
and fed them for a considerable time only on milk. When the 


RESPONSE TO SIGNALS 23 


puppies were a few months old he established fistulae of their salivary 
ducts, and was thus able to measure accurately the secretory activity 
of the glands. He now showed these puppies some solid food— 
bread or meat—but no secretion of saliva was evoked. It is evident, 
therefore, that the sight of food does not in itself act as a direct 
stimulus to salivary secretion. Only after the puppies have been 
allowed to eat bread and meat on several occasions does the sight 
or smell of these foodstufis evoke the secretion. 

The following experiment serves to illustrate the activity of the 
salivary gland as an inborn reflex in contrast to signalization : 

Demonstration.—Food is suddenly introduced into the dog’s 
mouth ; secretion begins in 1 to 2 seconds. The secretion is brought 
about by the physical and chemical properties of the food itself 
acting upon receptors in the mucous membrane of the mouth and 
tongue. It is purely reflex. 

This comparatively simple experiment explains how a decerebrate 
dog can die of starvation in the midst of plenty, for it will only start 
eating if food chances to come into contact with its mouth or tongue. 
Moreover, the elementary nature of the inborn reflexes, with their 
limitations and inadequacy, are clearly brought out in these experi- 
ments, and we are now able to appreciate the fundamental importance 
of those stimuli which have the character of signals. 

Our next step will be to consider the question of the nature of 
signalization and of its mechanism from a purely physiological point 
of view. It has been mentioned already that a reflex is an inevitable 
reaction of the organism to an external stimulus, brought about 
along a definite path in the nervous system. Now it is quite evident 
that in signalization all the properties of a reflex are present. In 
the first place an external! stimulus is required. This was given in 
our first experiment by the sounds of a metronome. These sounds 
falling on the auditory receptor of the dog caused the propagation 
of an impulse along the auditory nerve. In the brain the impulse 
was transmitted to the secretory nerves of the salivary glands, aud 
passed thence to the glands, exciting them to active secretion. It 
is true that in the experiment with the metronome an interval of 
several seconds elapsed between the beginning of the stimulus and 
the beginning of the salivary secretion, whereas the time interval 
for the inborn reflex secretion was only 1 to 2 seconds. The longer 
latent period was, however, due to some special conditions of the 
experiment, as will come out more clearly as we proceed. But 
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generally speaking the reaction to signals under natural conditions 
is as speedy as are the inborn reflexes. We shall be considering the 
latent period of signalization in fuller detail in a further lecture. 

In our general survey we characterized a reflex as a necessary 
reaction following upon a strictly definite stimulus under strictly 
defined conditions. Such a definition holds perfectly true also for 
signalization ; the only difference is that the type of the effective 
reaction to signals depends upon a greater number of conditions. 
But this does not make signalization differ fundamentally from the 
better known reflexes in any respect, since in the latter, variations 
in character or force, inhibition and absence of reflexes, can also be 
traced to some definite change in the conditions of the experiment. 

Thorough investigation of the subject shows that accident plays 
no part whatever in the signalizing activity of the hemispheres, 
and all experiments proceed strictly according to plan. In the 
special laboratory I have described, the animal can frequently be 
kept under rigid experimental observation for 1 to 2 hours without a 
single drop of saliva being secreted independently of stimuli applied 
by the observer, although in the ordinary type of physiological 
laboratory experiments are very often distorted by the interference 
of extraneous and uncontrolled stimuli. 

All these conditions leave no grounds for regarding the phenomena 
which we have termed “ signalization ” as being anything else than 
reflex. There is, however, another aspect of the question which at 
a first glance seems to point to an essential difference between the 
better known refiexes and signalization. Food, through its chemical 
and physical properties, evokes the salivary reflex in every dog right 
from birth, whereas this new type claimed as reflex—‘‘ the signal 
reflex ”—is built up gradually in the course of the animals own 
individual existence. But can this be considered as a fundamental 
point of difference, and can it hold as a valid argument against 
employing the term “ refiex ” for this new group of phenomena ? 
It is certainly a sufficient argument for making a definite distinction 
between the two types of reflex and for considering the signal reflex 
in a group distinct from the inborn reflex. But this does not 
invalidate in any way our right logically to term both “ reflex,” 
since the point of distinction does not concern the character of the 
response on the part of the organism, but only the mode of formation 
of the refiex mechanism. We may take the telephonic installation 
as an illustration. Communication can be effected in two ways. 
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My residence may be connected directly with the laboratory by a 
private line, and I may call up the laboratory whenever it pleases 
me to do so; or on the other hand, a connection may have to be 
made through the central exchange. But the result in both cases 
is the same. The only point of distinction between the methods is 
that the private line provides a permanent and readily available 
cable, while the other line necessitates a preliminary central connec- 
tion being established. In the onc case the communicating wire is 
always complete, in the other case a small addition must be made to 
the wire at the central exchange. We have a similar state of affairs 
in reflex action. The path of the inborn refiex is already completed 
at birth ; but the path of the signalizing reficx has still to be com- 
.pleted in the higher nervous centres. We are thus brought to consider 
the mode of formation of new reflex mechanisms. A new reflex is 
formed inevitably under a given set of physiological conditions, and 
with the greatest case, so that there is no need to take the subjective 
states of the dog into consideration. With a complete understanding 
of all the factors involved, the new signalizing reflexes are under the 
absolute control of the experimenter; they proceed according to 
as rigid laws as do any other physiological processes, and must be 
regarded as being in every sense a part of the physiological activity 
of living beings. I have termed this new group of reflexes conditioned 
reflexes to distinguish them from the inborn or unconditioned 
reflexes. The term “conditioned ” is becoming more and more 
generally employed, and I think its use is fully justified in that, 
compared with the inborn reflexes, these new reflexes actually do 
depend on very many conditions, both in their formation and in the 
maintenance of their physiological activity. Of course the terms 
“ conditioned ’’ and “ unconditioned ” could be replaced by others 
of arguably equal merit. Thus, for example, we might retain the 
term “ inborn reflexes,” and call the new type “ acquired reflexes ” ; 
or call the former “species reflexes ” since they are characteristic of 
the species, and the latter “‘ individual reflexes ” since they vary 
from animal to animal in a species, and even in the same animal at 
different times and under different conditions. Or again we might 
‘call the former ‘‘ conduction reflexes ” and the latter “ connection 
reflexes.’ 
There should be no theoretical objection to the hypothesis of the 
formation of new physiological paths and new connections within 
the cerebral hemispheres. Since the especial function of the central 
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nervous system is to establish most complicated and delicate cor- 
respondences between the organism and its environment we may not 
unnaturally expect to find there, on the analogy of the methods used 
by the technician in everyday experience, a highly developed con- 
nector system superimposed on a conductor system. The physiologist 
certainly should not object to this conception seeing that he has becn 
used to employing the German conception of “ Bahnung,’’ which 
means a laying down of fresh physiological paths in the centres. 
Conditioned reflexes are phenomena of common and widespread 
occurrence: their establishment is an integral function in everyday 
life. We recognize them in ourselves and in other people or animals 
under such names as “ education,” “ habits,” and “ training ; ” and 
all of these are really nothing more than the results of an establish- 
ment of new nervous connections during the post-natal existence 
of the organism. They are, in actual fact, links connecting definite 
extraneous stimuli with their definite responsive reactions. I believe 
that the recognition and the study of the conditioned reflex will 
throw open the door to a true physiological investigation probably 
of all the highest nervous activities of the cerebral hemispheres, 
and the purpose of the present lectures is to give some account of 
what we have already accomplished in this direction. 

We come now to consider the precise conditions under which 
new conditioned reflexes or new connections of nervous paths are 
established. The fundamental requisite is that any external stimulus 
which is to become the signal in a conditioned reflex must overlap 
in point of time with the action of an unconditioned stimulus. In 
the experiment which I chose as my example the unconditioned 
stimulus was food. Now if the intake of food by the animal takes 
place simultaneously with the action of a neutral stimulus which 
has been hitherto in no way related to food, the neutral stimulus 
readily acquires the property of eliciting the same reaction in the 
animal as would food itself. This was the case with the dog em- 
ployed in our experiment with the metronome. On several occasions 
this animal had been stimulated by the sound of the metronome and 
immediately presented with food—i.e. a stimulus which was neutral 
of itself had been superimposed upon the action of the inborn 
alimentary reflex. We observed that, after several repetitions of the 
combined stimulation, the sounds from the metronome had acquired 
the property of stimulating salivary secretion and of evoking the 
motor reactions characteristic of the alimentary reflex. The first 
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demonstration was nothing but an example of such a conditioned 
stimulus in action. Precisely the same-occurs with the mild defence 
reflex to rejectable substances. Introduction into the dog’s mouth 
of a little of an acid solution brings about a quite definite responsive 
reaction. The animal sets about getting rid of the acid, shaking 
its head violently, opening its mouth and making movements with 
its tongue. At the same time it produces a copious salivary secretion. 
The same reaction will infallibly be obtained from any stimulus 
which has previously been applied a sufficient number of times 
while acid was being introduced into the dog’s mouth. Hence a 
first and most essential requisite for the formation of a new conditioned 
reflex lies in a coincidence in time of the action of any previously 
neutral stimulus with some definite unconditioned stimulus. Further, 
it is not enough that therc should be overlapping between the two 
stimuli; it is also and equally necessary that the conditioned 
stimulus should begin to operate before the unconditioned stimulus 
comes into action. 

If this order is reversed, the unconditioned stimulus being applied 
first and the neutral stimulus second, the conditioned reflex cannot 
be established at all. Dr. Krestovnikov performed these experiments 
with many different modifications and controls, but the effect was 
always the same. The following are some of his results : 

In one case 427 applications were made in succession of the odour 
of vanillin together with the introduction of acid into the dog’s 
mouth, but the acid was always made to precede the vanillin by 
some 5 to 10 seconds. Vanillin failed to acquire the properties of a 
conditioned stimulus. However, in the succeeding experiment, in 
which the order of stimuli was reversed, the odour, this time of 
amyl acetate, became an effective conditioned stimulus after only 
20 combinations. With another dog the loud buzzing of an electric 
bell sct going 5 to 10 seconds after administration of food failed to 
establish a conditioned alimentary reflex even after 374 combinations, 
whereas the regular rotation of an object in front of the eyes of the 
animal, the rotation beginning before the administration of food, 
acquired the properties of a conditioned stimulus after only 5 com- 
binations. The electric buzzer set going before the administration 
of food established a conditioned alimentary reflex after only a 
single combination. 

Dr. Krestovnikov’s experiments were carried out on five dogs, 
and the result was always negative when the neutral stimulus was 
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applied, whether 10 seconds, 5 seconds or only a single second 
after the beginning of the unconditioned stimulus. During all 
these experiments not only the secretory reflex but also the motor 
reaction of the animal was carefully observed, and these observations 
always corroborated one another. We thus see that the first set 
of conditions required for the formation of a new conditioned reflex 
encompasses the time relation between the presentation of the 
unconditioned stimulus and the presentation of that agent which 
has to acquire the properties of a conditioned stimulus. 

— As regards the condition of the hemispheres themselves, an alert 
state of the nervous system is absolutely essential for the formation 
of a new conditioned reflex. If the dog is mostly drowsy during the 
experiments, the establishment of a conditioned reflex becomes a 
long and tedious process, and in extreme cases is impossible to 
accomplish. The hemispheres must, however, be free from any other 
nervous activity, and therefore in building up a new conditioned 
reflex it is important to avoid foreign stimuli which, falling upon the 

‘animal, would cause other reactions of their own. If this is not 
attended to, the establishment of a conditioned reflex is very difficult, 
if not impossible. Thus, for example, if the dog has been so fastened 
up that anything causes severe irritation, it does not matter how 
many times the combination of stimuli is repeated, we shall not be 
able to obtain a conditioned reflex. A somewhat similar case was 
described in the first lecture—that of the dog which exhibited the 
freedom reflex in an exaggerated degree. It can also be stated as a 
rule that the establishment of the first conditioned reflex in an 
animal is usually more difficult than the establishment of succeeding 
ones. It is obvious that this must be so, when we consider that even 
in the most favourable circumstances the experimental conditions 
themselves will be sure to provoke numerous different reflexes—i.e. 
will give rise to one or other disturbing activity of the hemispheres. 
But this statement must be qualified by remarking that in cases 
where the cause of these uncontrolled reflexes is not found out, so 
that we are not able to get rid of them, the hemispheres themselves 
will help us. For if the environment of the animal during the ex- 
periment does not contain any powerful disturbing elements, then 
practically always the extraneous reflexes will with time gradually 
and spontaneously weaken in strength. 

. The third factor determining the facility with which new con- 
ditioned reflexes can be established is the health of the animal. A 
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good state of health will ensure the normal functioning of the cerebral 
hemispheres, and we shall not have to bother with the effects of any 
internal pathological stimuli. 

The fourth, and last, group of conditions has to dq with the 
properties of the stimulus which is to become conditioned, and also 
with the properties of the unconditioned stimulus which is selected. 
Conditioned reflexes are quite readily formed to stimuli to which the 
animal is more or less indifferent at the outset, though strictly 
speaking no stimulus within the animal’s range of perception exists 
to which it would be absolutely indifferent. In a normal animal the 
slightest alteration in the environment—even the very slightest 
sound or faintest odour, or the smallest change in intensity of 
illumination—immediately evokes the reflex which I referred to in 
the first lecture as the investigatory reflex—‘‘ What is it? ”— 
manifested by a very definite motor reaction. However, if these 
neutral stimuli keep recurring, they spontaneously and rapidly 
weaken in their effect upon the hemispheres, thus bringing about 
bit by bit the removal of this obstacle to the establishment of a 
conditioned reflex. But if the extraneous stimuli are strong or 
unusual, the formation of a conditioned reflex will be difficult, and 
in extreme cases impossible. 

It must also be remembered that in most cases we are not ac- 
quainted with the history of the dog before it came into the laboratory, 
and that we do not know what sort of conditioned reflexes have been 
established to stimuli which appear to be of the simplest character. 
But in spite of this we have, in a large number of cases, found it 
possible to take a strong stimulus which evoked some strong uncon- 
ditioned response of its own, and still succeed in converting it into 
a conditioned stimulus for another reflex. Let us take for example 
a nocuous stimulus, such as a strong electric current or wounding 
or cauterization of the skin. These are obviously stimuli to vigorous 
unconditioned defence reflexes. The organism responds by a violent 
motor reaction directed towards removal of the nocuous stimulus 
or to its own removal from it. But we may, nevertheless, make use 
even of these stimuli for the establishment of a new conditioned 
reflex. Thus in one particular experiment a strong nocuous stimulus 
—an electric current of great strength—was converted into an 
alimentary conditioned stimulus, so that its application to the skin 
did not evoke the slightest defence reaction. Instead, the animal 
exhibited a well-marked alimentary conditioned reflex, turning its 
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head to where it usually received the food and smacking ity lips, 
at the same time producing a profuse secretion of saliva. The 
following is a record taken from a research by Dr. Erofécva : 


Distance of Part of Secretion of 








Time [secondary coil Skin Saliva in Motor Reaction 
in oma: Stimulated drops dur ing j 

4.23 p.m 4 usual place 6 In all cases the motor 
reaction displayed 

4.45 , 4 Ia 5 was that character- 
istic of an alimen- 

57 , 2 new place 7 tary reflex; there 
was no slightest trace 

6.17 ,, 0 a ae 9 of any motor defence 

5.45 , 0 ae 6 reflex. 


After each stimulation the dog was allowed to eat food 
for a few seconds. 


Similar results were obtained from dogs in which cauterization 
or pricking of the skin deep enough to draw blood was made to 
acquire the properties of an alimentary conditioned stimulus. These 
experiments have been apt to upset very sensitive people; but we 
have been able to demonstrate, though without any pretension 
of penetrating into the subjective world of the dog, that they 
were labouring under a false impression. Subjected to the very 
closest scrutiny, not even the tiniest and most-~subtle objective 
phenomenon usually exhibited by animals under the influence of 
strong injurious stimuli can be observed in these dogs. No appreci- 
able changes in the pulse or in the respiration occur in these animals, 
whereas such changes are always most prominent when the nocuous 
stimulus has not been converted into an alimentary conditioned 

. stimulus. Such a remarkable phenomenon is the result of diverting 
the nervous impulse from one physiological path to another. This 
transference is dependent, however, upon a very definite condition 
—namely, upon the relative strengths of the two unconditioned 
reflexes. 

Successful transformation of the unconditioned stimulus for one 
reflex into the conditioned stimulus for another reflex can be brought 
about only when the former reflex is physiologically weaker and 
biologically of less importance than the latter. We are led to this 
conclusion from a consideration of Dr. ‘Eroféeva’s experiments. 
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A nocuous stimulus applied to the dog’s skin was transformed into 
a conditioned stimulus for the alimentary reflex. 'This, we consider, 
was due to the fact that the alimentary reflex is in such cases stronger 
than the defence reflex. In the same way we all know that when 
dogs join in a scuffle for food they frequently sustain skin wounds, 
which however play no dominant part as stimuli to any defence 
reflex, being entirely subordinated to the reflex for food. Neverthe- 
less there is a certain limit—there are stronger reflexes than the 
alimentary reflex. One is the reflex of self-preservation, of existence 
or non-existence, life or death. To give only one example, it was 
found impossible to transform a defence reaction into an alimentary 
conditioned reflex when the stimulus to the unconditioned defence 
reaction was a strong electric current applied to skin overlying bone 
with no muscular layer intervening. This signifies that the afferent 
nervous impulses set up by injury to the bone, and signalizing far 
greater danger than those set up by injury to the skin, cannot acquire 
even a temporary connection with the part of the brain from which 
the alimentary reflex is controlled. Nevertheless, on the whole, the 
foregoing considerations emphasize the advantage of using the 
alimentary reflex for most of our experiments, since in the hierarchy 
of reflexes this holds a very high place. 

While, as we have seen, very strong and even specialized stimuli 
can under certain conditions acquire the properties of conditioned 
stimuli, there is, on the other hand, a minimum strength below which 
stimuli cannot be given conditioned properties. Thus a thermal 
stimulus of 45° C. applied to the skin can be made into an alimentary 
conditioned reflex, whereas at 38° to 39° C. (approximately 2° C. above 
the skin temperature in the dog) a thermal stimulus is ineffective 
{experiments of Dr. Solomonov]. Similarly, while with the help 
of a very strong unconditioned stimulus it is possible to convert 
a very unsuitable stimulus—for example, one which naturally 
evokes a different unconditioned reflex—into a conditioned stimulus, 
it is exceedingly difficult or even impossible with the help of only a 
weak unconditioned stimulus to transform even a very favourable 
neutral stimulus into a conditioned stimulus. Even where such a 
conditioned reflex is successfully established, its occurrence results 
only in a very small reflex response. Some unconditioned stimuli 
may be permanently weak, others may display a weakness which is 
only temporary—varying with the condition of the animal. As an 
example of the last we may take food. In the hungry animal food 
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naturally brings about a powerful unconditioned reflex, and the 
conditioned reflex develops quickly. But in a dog which has not 
long been fed the unconditioned stimulus has only a small effect, 
and, alimentary conditioned reflexes either are not formed at all or 
are established very slowly. 

By complying with all the conditions which I have enumerated 
—which is not a ver’ difficult task—a new conditioned reflex is 
infallibly obtained. We apply to the receptors of the animal rigidly 
defined stimuli; these stimuli necessarily result in the formation 
of a new connection in the hemispheres with a consequent develop- 
ment of a typical reflex reaction. 

To sum up, we may legitimately claim the study of the formation 
and properties of conditioned reflexes as a special department of 
physiology. There is no reason for thinking about all these events 
in any other way, and it is my belief that in these questions prejudices 
blunt the intellect and that generally speaking the preconceptions 
of the human mind stand in the way of any admission that the 
highest physiological activity of the hemispheres is rigidly determined. 
The difficulty is mainly due to the tremendous complexity of our 
subjective states; and, of course, these cannot yet be traced to 
their primary causations. 
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Fig. 3.—The special laboratory built for the study ot conditioned reflexes, Institute of 
Experimental Medicine, Petrograd. 
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LECTURE III 


The formation of conditioned reflexes by means of conditioned and direct stimuli. 
—Agencies which can be used as conditioned stimuli.—Inhibition of conditioned 
reflexes : external inhibition. 


In the previous cases a conditioned reflex was obtained by linking 
up the action of a new stimulus with an unconditioned reflex. It 
is possible, however, to obtain a conditioned reflex less directly, by 
linking up yet a further stimulus with a conditioned stimulus which 
is already firmly established. Let us refer again to our experiment 
with the metronome. The sound of the beats was a conditioned 
stimulus so firmly and powerfully established as readily to admit of 
demonstration in face of the large audience present at my lecture. 
The effect of the metronome even under such unfavourable conditions 
was complete and precise. With the help of this strong conditioned 
stimulus it has been found possible to give still another stimulus 
conditioned properties like the first. For if some new and more or 
less neutral stimulus is applied in conjunction with the metronome 
alone—i.e. not at the same time giving food—this new stimulus also 
acquires the character of an alimentary conditioned stimulus [Drs. 
Zeliony, Foursikov, Frolov]. 

Conditioned reflexes established in this manner are termed 
secondary conditioned reflexes, and I shall bring “to your attention 
certain precautions which must be observed, for the successful 
establishment of reflexes of this order The essential condition is 
that the new stimulus should be withdrawn some seconds before the 
primary stimulus is applied. With new stimuh of a medium physio- 
logical strength this lapse of time must be not less than ten seconds, 
while for stronger stimuli the interval must be considerably increased. 
Any shortening of the indicated minimal interval of time leads to a 
quite different result, typifying a group of extremely delicate and 
interesting phenomena in the physiology of the hemispheres, which 
will be treated in the fifth lecture. 

I shall describe first an experiment conducted by Dr. Frolov 


illustrating the development of a secondary conditioned reflex: A 
AP, c 
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dog has two primary alimentary conditioned stimuli firmly estab- 
lished, one to the sound of a metronome and the other to the buzzing 
of an electric bell. The appearance of a black square in the dog’s 
line of vision is now used as yet a further stimulus, which is to be 
given the character of a secondary conditioned stimulus. The black 
square is held in front of the dog for ten seconds, and after an interval 
of fifteen seconds the metronome is sounded during 30 seconds. 
In the table given below the square is presented for the tenth time. 


Experiment of 15th November, 1924. 








Time Conditioned Stimulus sri e 
1.49 p.m Sound of metronome 13-5 
1.57 p.m Buzzer 16-5 
2.7 p.m. Black Square 2-5 
2 hrs. 7 min. 10 sec. p.m. Interval 15 sec.] 3-0 
2 hrs. 7 min. 25 sec. p.m. ound of metronome 12:0 
2.20 p.m Buzzer 13-5 
2.27 p.m Sound of metronome 9-5 


The metronome and the buzzer were continued. during 
30 seconds in each case. 


Prior to these experiments the appearance of the black square 
had no secretory effect at all. As seen from the above table the 
conditioned reflex of the second order is measured even at this early 
stage of its development by 54 drops (2-5 plus 3) dyring 25 seconds. 

It was found impossible in the case of alimentary reflexes to 
press the secondary conditioned stimulus into our service to help us 
in the establishment of a new conditioned stimulus of the third order. 
Conditioned reflexes of the third order can however be obtained with 
the help of the second order of conditioned reflexes in defence 
reactions such as that against stimulation of the skin by a strong 
electric current. But even in this case we cannot proceed further 
than a conditioned reflex of the third order. 

I shall describe the results of an experiment of Dr. Foursikov 
illustrating a conditioned reflex of the third order : The unconditioned 
stimulus to a defence reaction in a dog was given by the application 
of an electric stimulus to the skin over the front paw. A mechanical 
stimulation of the skin over the hind paw to which the dog was 
formerly quite indifferent had been converted by the usual procedure 
into a conditioned stimulus of the first order, while for the establish- 


SECONDARY REFLEXES 35 


ment of the second order of reflex a sound of bubbling water had been 
employed. By combining with the sound of bubbling water a tone, 
previously indifferent, of 760 double vibrations per second, a con- 
ditioned stimulus of the third order was now established. In these 
conditioned reflexes, passing from the first to the third order, the 
latent period progressively increases. In the same order we pass 
from the strongest to the weakest conditioned defence reflex. All 
these conditioned reflexes were maintained by Dr. Foursikov by 
means of appropriate reinforcement for over a year, but here again 
many attempts to combine a still further stimulus with the con- 
ditioned stimulus of the third order were quite unsuccessful. 

So far we have discussed two distinct modes of formation of a 
conditioned reflex, one in which it is based directly upon an uncon- 
ditioned reflex and the other in which it is based upon another 
conditioned reflex which has already been firmly established. There 
is, however, yet another method of establishing conditioned reflexes. 
We were led a considerable time ago to perform experiments of the 
following type: A dog was given a small dose of apomorphine 
subcutaneously and after one or two minutes a note of a definite 
pitch was sounded during a considerable time. While the note was 
still sounding the drug began to take effect upon the dog: the animal 
grew restless, began to moisten its lips with its tongue, secreted 
saliva and showed some disposition to vomit. After the experi- 
menter had reinforced the tone with apomorphine several times it 
was found that the sound of the note alone sufficed to produce all 
the ‘active symptoms of the drug, only in a less degree [experiments 
of Dr. Podkopaev]. Unfortunately, Dr. Podkopaev was prevented 
from pursuing his experiments and extending them by modifications 
in technique. However, quite recently, Dr. Krylov, of the Tashkent 
Bacteriological Laboratory, has made some interesting observations 
bearing on this matter, in the course of certain serological investi- 
gations, when he had occasion repeatedly to inject morphine into 
dogs hypodermically. It is well known that the first effect of a 
hypodermic injection of morphine is to produce nausea with profuse 
secretion of saliva, followed by vomiting, and then profound sleep. 
Dr. Krylov, however, observed when the injections were repeated 
regularly that after 5 or 6 days the preliminaries of injection were in 
themselves sufficient to produce all these symptome—nausea, 
secretion of saliva, vomiting and sleep. Under these circumstances 
the symptoms are now the effect, not of the morphine acting through 
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the blood stream directly on the vomiting centre, but of all the 
external stimuli which previously had preceded the injection of 
morphine. The connection between the morphine itself and the 
various signals may in this instance be very remote, and in the most 
striking cases all the symptoms could be produced by the dogs 
simply seeing the experimenter. Where such a stimulus was in- 
sufficient it was necessary to open the box containing the syringe, 
to crop the fur over a small area of skin and wipe with alcohol, and 
perhaps even to inject some harmless fluid before the symptoms 
could be obtained. The greater the number of previous injections 
of morphine the less preparation had to be performed in order to 
evoke a reaction simulating that produced by the drug. Dr. Krylov 
was able to demonstrate these facts quite easily in my laboratory. 
In a series of experiments specially adapted to the purpose he showed 
that the phenomena described are absolutely identical with con- 
ditioned reflexes. The experiments readily lend themselves for 
lecture demonstration. 

Demonstration.—The dog has repeatedly been injected with 
morphine on previous occasions, and is now held quietly on the table 
by an attendant who has never had anything to do with injecting 
the morphine. When the experimenter approaches, the dog gets 
restless and moistens its lips, and as soon as the experimenter touches 
the animal, severe nausea and profuse secretion of saliva begin. 

This experiment provides a clue to the well-known fact that dogs 
will eat meat the first time it is offered them, after.removal of their 
parathyroids, or after an Eck fistula and tying of the portal vein, 
but on all subsequent occasions refuse it. Evidently in these cases 
the appearance and smell of meat produce of themselves a reaction 
identical with that produced through direct pathological action in 
the absence of the parathyroids or the portal circulation, by those 
toxic substances deriving from digestion of the meat. 

All this brings us to the important question of the intimate 
mechanism by which new nervous connections are established in 
the hemispheres. It is easy to suggest an explanation on the basis 
of the actual facts as they are known at present. Any unconditioned, 
or any firmly established conditioned, stimulus undoubtedly evokes 
a state of nervous activity in some definite part of the brain. Using 
the generally accepted terminology, let us refer to such areas of the 
brain as centres, not however thereby implying any idea of ana- 
tomical localization. During the period of excitation of such centres 
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all other external stimuli which happen to affect the animal are 
conducted to these centres, and the paths by which they are con- 
ducted through the hemispheres become thereby specially marked 
out. This is the only possible interpretation of the facts, and upon 
this interpretation was planned the series of experiments with 
apomorphine which have just been described as corroborating so 
thoroughly the experiments of Dr. Krylov with morphine. Arguing 
that excitations set up in the cells of the cortex were constantly 
transmitted to the salivary centre when this was reflexly excited to 
activity by external agencies, we had to expect a precisely similar 
phenomenon to take place when the centre was stimulated directly 
(i.e. automatically) by changes in the internal cnvironment due to 
alterations in the composition of the blood. Excitations set up in 
the cortex would now also be transmitted to the salivary and to the 
vomiting centres. This assumption was fully justified in the sequel. 

The facts dealt with so far reveal another important feature of! 
this mechanism, namely, that such external stimuli as have been 
from the very birth of the animal transmitted to a definite centre, ` 
can, notwithstanding, be diverted and made to follow another route, 
becoming linked up by the nervous connection to another centre, 
provided always that this second centre is physiologically more’ 
powerful than the first. 

This linking up of impulses in different areas of the brain, by the 
formation of new nervous connections, is the first nervous mechanism 
we have encountered in our study of the physiology of the hemi- 
spheres. The question as to the site where this new nervous connec- 
tion occurs has not yet been clearly answered. Is it within the cortex 
exclusively, or does it take place between the cortex and the sub- 
cortical areas? Both possibilities are conceivable. In the latter 
case it must be assumed that when two points, one in the cortex, the 
other in a subcortical area, are simultaneously excited by different 
stimuli, a path is established for the transmission of the excitation 
direct from the former point to the latter. If on the other hand the 
connection takes place entirely within the cortex, it is necessary to 
assume either that all the receptor organs (including internal recep- 
tors) of the organism are represented in the cortex, in which case 
impulses originating in different organs during their activity 
would be transmitted to the corresponding cortical point, which would 
then enter into connection with a point excited by the external 
stimulus, or else that stimuli which lead to activity of an organ gain 
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direct representation in the cortex independently of the simultaneous 
excitation of a subcortical area. Of the two last mentioned alter- 
natives I have reason to believe that the latter represents what 
probably takes place in the intact brain when the hemispheres are 
in a state of alertness. In any case it appears that the cells predomi- 
nantly excited at a given time become foci attracting to themselves 
the nervous impulses aroused by new stimuli—impulses which on 
repetition tend to follow the same path and so to establish con- 
ditioned reflexes. 

We must now take some account of the agencies which can be 
transformed into conditioned stimuli. This is not so easy a problem 
as appears at first sight. Of course to give a general answer is very 
simple ; any agent in nature which acts on any adequate receptor 
apparatus of an organism can be made into a conditioned stimulus 
for that organism. This general statement, however, needs both 
amplification and restriction. We can, in the first place, divide up 
natural agencies into their ultimate component parts as regards 
their properties as physiological stimuli. Even a very small single 
component of such agency may acquire in itself the properties of a 
conditioned stimulus. Such, for example, may be a very small 
variation in loudness of a tone, or a small and barely distinguishable 
variation in luminosity, and so on. In this way alone the number 
of potentially effective stimuli in nature is extended almost in- 
definitely, although it is also obvious that a limit is set to the fineness 
of gradation of such stimuli by the degree of sensitivity and per- 
fection of the peripheral receptor organs of the organism. On the 
other hand, the animal may be affected by the sum total of numerous 
elementary stimuli acting together as a whole. For example, in 
distinguishing facial appearance we take into account simultaneously 
form, dimensions, shades, colours. We behave very much in the 
same way when making out our direction in a more or less familiar 
neighbourhood. Such examples of compound stimuli can be multi- 
plied indefinitely, and when we consider the unlimited possibilities 
of grouping the very great number of single elementary stimuli, we 
shall arrive at a very formidable figure. Yet in this case also a limit 
is undoubtedly imposed by the intrinsic structure of the cerebral 
hemispheres themselves. But I wish at present only to give some 
idea of the possible number of conditioned stimuli, leaving a more 
detailed discussion of this important matter to a subsequent lecture. 

So far we have considered only one broad group of conditioned 
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stimuli, namely those derived from the appearance of any natural 
agency. But the disappearance also of such an agency may become 
the stimulus to a conditioned reflex. Let us take the following 
example as an illustration. A metronome is sounding continuously 
in the experimental laboratory when the dog is brought in. The 
sound of the metronome is now cut out, and immediately an uncon- 
ditioned stimulus, say food. or a rejectable substance, is introduced. 
After several repetitions of this procedure it is found that the dis- 
appearance of the sound has become the stimulus to a new conditioned 
reflex [Dr. Zeliony and Dr. Makovsky]. 

Not only can the cessation of a stimulus be made the signal to a 
conditioned reflex, but also a diminution in its strength, if this dimi- 
nution is sufficiently rapid. The effect of rate of change of some 
property of a stimulating agent is well brought out in the following 
experiment by Dr. Zeliony. The sudden stoppage of a powerful 
pneumatic tuning fork D-2 had been made into the signal for a 
conditioned, alimentary reflex, which was measured by 32 drops of 
salivary secretion during the test interval; but a gradual damping 
down of this tone over a period of 12 minutes, though ending in 
complete extinction, did not yield a single drop of saliva. So we see 
that not only can the appearance of some external agency act as a 
conditional stimulus, but its disappearance also, or the rapid weaken- 
ing of its strength. Thus the number of potential stimuli to a con- 
ditioned reflex is once more greatly increased. 

The next group of conditioned stimuli can be regarded as a 
variation, or further development, of the type of stimuli with deferred 
action which has just been discussed. The stimulus this time is 
not the actual disappearance of an external agent, but the trace left 
by the action of this agent on the central nervous system after the 
agent itself has been removed. The procedure of development of 
such reflexes is as follows. Any convenient external stimulus is 
applied to the animal and continued for $ to 1 minute. After another 
definite interval of 1-3 minutes, food or a rejectable substance is 
introduced into the mouth. It is found that after several repetitions 
of this routine the stimulus will not itself evoke any reaction ; 
neither will its disappearance ; but the appropriate reaction will 
occur after a definite interval, the after-effect of the excitation 
caused, by the stimulus being the operative factor. We have to 
distinguish this type of réflex from the type described previously, 
in which the unconditioned stimulus coincided for part of its duration 
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with the conditioned stimulus. The type described in this paragraph 
is termed a trace conditioned reflex. 

I shall describe here an experiment by Dr. Grossman with trace 
conditioned reflexes: A tactile stimulation of the skin was employed 
as a stimulus for the trace reflex to injection of acid. The tactile 
stimulus was applied during one minute and acid was introduced 
into the mouth after a further period of one minute. 


Experiment of 18th February, 1909. 







Salivary Secretion in Drops 









Conditioned Stimulus 










During 1 min. 


During 1 min. 
of Pause 


of Stimulation 








Mechanical stimu- 
lation of the skin 
during one minute 
in every case. 


The conditioned stimulus was always reinforced by 
introduction of acid at the end of the pause. 


Trace reflexes may be of different character, depending on the 
length of pause between the termination of the conditioned stimulus 
and the appearance of the unconditioned stimulus. When the pause 
is short, being a matter of only a few seconds, then the trace left by 
the conditioned stimulus is still fresh, and the reflex is what we may 
term a short-trace reflex. On the other hand, if a considerable 
interval, one minute or more, is allowed to elapse between the ter- 
mination of the conditioned and the beginning of the unconditioned 
stimulus we have a long-trace reflex. It is important to distinguish 
all these cases on account of the essential peculiarities exhibited 
by long-trace reflexes. 

We come now to the last of those agents which can be 
transformed into a conditioned stimulus, and this one is peculiar 
in that it originates apparently quite regularly and spontaneously. 
Its operation depends on the fact that every stimulus must leave a 
trace on the nervous system for a greater or less time—a fact which 
has long been recognized in physiology under the name of after 
effect. The further agency I wish to introduce to you is no less real, 
but the clear apprehension of its nature is apt to present some 
difficulty. 
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First of all I shall describe an experiment of a general nature. 
One dog was given food at regular intervals of time ; another had 
acid introduced into the mouth at the same intervals. After this 
had gone on for a little time it was found that food or acid was no 
longer necessary to produce the alimentary or mild defence reflex, 
but that these reflexes appeared spontaneously at the regular 
intervals of time. This may be illustrated by the following detailed 
experiment of Dr. Fcokritova: A dog is placed in the stand and 
given food regularly every thirticth minute. In the control experi- 
ments any-one feeding after the first few is omitted, and it is found 
that despite the omission a secretion of saliva with a corresponding 
alimentary motor reaction is produced at about the thirtieth minute. 
Sometimes this reaction occurs exactly at the thirtieth minute, but 
it may be one or two minutes late. In the interval there is not the 
least sign of any alimentary reaction, especially if the routine has 
been repeated a good number of times. When we come to seek an 
interpretation of these results, it seems pretty evident that the 
duration of time has acquired the properties of a conditioned 
stimulus. 

The experiment just described may be performed with the 
following modification. The animal can be given food regularly 
every thirtieth minute, but with the addition, say, of the sound of 
a metronome a few seconds before the food. The animal is thus 
stimulated at regular intervals of thirty minutes by a combination 
of two stimuli, one of which is the time factor and the other the beats 
of the metronome. In this manner a conditioned reflex is established 
to a compound stimulus consisting of the sound plus the condition 
of the hemispheres at the thirtieth minute, when both are reinforced 
by food. Further, if the sound is now applied not at the thirtieth 
minute after the preceding feeding, but, say, at the fifth or eighth 
minute, it entirely fails to produce any alimentary conditioned 
reflex. If it is applied slightly later it produces some effect ; applied 
at the twentieth minute the effect is greater; at the twenty-fifth 
minute greater still. At the thirtieth minute the reaction is of course 
complete. If the sound is never combined with food except when 
applied at the full interval, in time it ceases to have any effect even 
at the twenty-ninth minute and will only produce a reaction at the 
thirtieth minute—but then a full reaction. An illustration is given 
from experiments by Dr. Feokritova: A dog is given food every 
half-hour, each feeding being preceded by the sound of a metronome, 
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which is continued for thirty seconds; the effect of the metronome 
is tested at the twenty-ninth minute. 


Experiment, 20th December, 1911. 





Conditioned Stimulus Amount of Saliva 

Time applied 30 secs. secreted in drops 

| previously during 30 seconds 
3.30 p.m Sound of metronome 10 
4.00 p.m. i ” 7 
4.29 p.m. p „» 0 
4.30 p.m. 3 y 7 


Of course in the establishment of a conditioned reflex of this 
type any length of time interval can be employed. No experiments, 
however, were made with longer intervals than half an hour. 

What is the physiological meaning of these time intervals in 
their rôle as conditioned stimuli? Only a tentative approach can 
be made to a definite answer to such a question at present: Time 
is measured from a general point of view by registering different 
cyclic phenomena in nature, such for instance as the rising and setting 
of the sun or the vibration of the pendulum of a clock. But many 
cyclic phenomena take place inside the animal’s body. In the 
course of 24 hours the brain receives a very considerable number of 
stimuli, becomes fatigued, and again restored through sleep. The 
alimentary canal is periodically filled or emptied; and, in fact, 
changes in practically all the component tissues and parts of the 
organism are capable of influencing the cerebral hemispheres. 
This continuous cycle of direct and indirect influences upon the 
nervous activity constitutes the physiological basis for the estimation 
of duration of time. We may consider the following simple case of 
physiological registration of short intervals of time by the hemi- 
spheres. It is well known that a fresh stimulus—we will take for 
example an olfactory stimulus—produces a very definite nervous 
excitation. This, however, gradually and progressively weakens. 
The physiological state of the nervous elements, under the influence 
of the continued stimulation, without doubt undergoes a series of 
simultaneous and successive changes. The same is true for the reverse 
condition : When a stimulus is withdrawn the change is perceived 
for some time very acutely, but quite soon its influence diminishes 
until we are no longer aware of it. Here again the physiological 
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condition of the nerve cells is, doubtless, undergoing the reverse 
series of changes. From this point of view we can give an inter- 
pretation of the establishment of conditioned reflexes to an inter- 
ruption of a stimulus, and to a trace of a stimulus, as well as, 
apparently, to a duration of time. In the experiment described the 
administration of food was accompanied and followed by a definite 
activity in a large number of organs, which all underwent a series 
of definite cyclic changes. All these changes were reflected in the 
cerebral hemispheres where they fell on appropriate receptive fields, 
and a definite phase of these changes acquired the properties of the 
conditioned stimulus. 

To conclude this part of our discussion I shall suggest the following 
modification and amplification of our definition of agencies which 
can become conditioned, viz. that innumerable individual fluctuations 
in the external and internal environment of the organism may, each 
and all of them, singly or collectively, being reflected in definite 
changes in the cells of the cerebral cortex, acquire the properties of 
a conditioned stimulus. 

We shall now follow out another important group of phenomena. 
Hitherto we have been dealing with reflexes of a positive character 
—i.e. reflexes which ultimately gave rise to positive reactions, both 
motor and secretory, all of them associated with various processes 
of excitation in the nervous system. There is, however, another 
manifestation of nervous activity which is in no way inferior in 
physiological and vital importance to that positive manifestation 
which has just been considered. I refer to nervous inhibition. 
When we come to investigate the highly complex functions of the 
cerebral hemispheres, we naturally expect to come across inhibitory 
phenomena, for these are very constantly and very intimately mixed 
up with the positive phenomena of nervous excitation. But before 
dealing with these I consider it advisable to give a brief description 
of inhibition of centres as observed in the field of unconditioned 
reflexes. f 

The present state of physiological knowledge enables us to 
recognize under normal conditions two types of central inhibition. 
These may be termed direct and indirect, or internal and external 
respectively. On the one hand we are familiar with the direct 
inhibitory action of certain afferent nerves, or of certain physical 
and chemical properties of the blood, upon definite nervous centres 
controlling respiration, circulation, locomotion and so on. On the 
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other hand the central nervous system supplies numerous cases of 
indirect inhibition. In the latter cases inhibition of the activity of 
a given centre is brought about as the result of an activity of some 
other centre, which activity has arisen in its turn as a result of 
excitation from some affcrent nerve or from some change in the 
composition of the blood. Instances of other kinds of inhibition 
are provided by those complex unconditioned reflexes generally 
known as “ instincts.” Thus many insects, especially when in the 
larval stage, become immobilized and drop down at the slightest 
touch. This is obviously a case of dircct inhibition of the entire 
nervous apparatus of locomotion. Another cxample may be taken 
from the newly hatched chick, which manifests straightway a pecking 
reflex to the visual stimulus of small objects or patches of light and 
shade. If, however, a strongly irritant and injurious substance gets 
taken up, the pecking reflex becomes inhibited immediately and is 
replaced by a defence reaction leading to a rejection of the irritating 
substance. This is a result of an interaction of two active centres, 
‘and is an example of external inhibition. 

Conditioned reflexes are also subject to these two types of central 
inhibition. Since the indirect or external inhibition of conditioned 
reflexes does not differ in the least from the corresponding inhibition 
of unconditioned reflexes I shall take this first. The following is a 
very simple case, and one of common occurrence in our earlier 
experiments. The dog and the experimenter would be isolated in 
the experimental room, all the conditions remaining for a while 
constant. Suddenly some disturbing factor would arise—a sound 
would penetrate into the room ; some quick change in illumination 
would occur, the sun going behind a cloud ; or a draught would get 
in underneath the door, and maybe bring some odour with it. If 
any one of these extra stimuli happened to be introduced just at 
the time of application of the conditioned stimulus, it would inevitably 
bring about a more or less pronounced weakening or even a complete 
disappearance of the reflex response, depending on the strength of 
the extra stimulus. The interpretation of this simple case does not 
present much difficulty. The appearance of any new stimulus 
immediately evokes the investigatory reflex and the animal fixes 
all its appropriate receptor organs upon the source of disturbance, 
pricking up its ears, fastening its gaze upon the disturbing agency, 
and sniffing the air. The investigatory reflex is excited and the 
conditioned reflex is in consequence inhibited. 
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These extra stimuli have also another important influence. 
Every stimulus, however rapidly it may disappear, is effective not 
only while it lasts, but also for some time after its cessation while 
its after-effect lasts. On account of this, if the conditioned stimulus 
is applied shortly after the extra stimulus, the reflex reaction will 
be partly inhibited. Different extra stimuli, whether accidental 
or deliberate, produce after-effects of different length. Some may 
still have a powerful after-effect after 2 or 3 minutes, others after 
10 or 12 minutes, and still others after several days. These longer 
after-effects occur especially with alimentary, and gustatory stimuli 
in general, and in many experiments they have to be taken 
seriously into account. The effect of exciting an extra reflex will, 
of course, vary according as the conditioned reflex has only freshly 
been formed or has already been firmly established. It is obvious 
that an old-established reflex is not likely to be so easily inhibited 
as a recent one. In our old laboratory the neglect to provide against 
external stimuli often led to a curious complication when I visited 
some of my co-workers. Having by himself established a new con- 
ditioned reflex, working in the room with the dog, the experimenter 
would invite me for a demonstration, and then everything would 
go wrong and he would be unable to show anything at all. It was 
I who presented the extra stimulus: the investigatory reflex was 
immediately brought into play: the dog gazed at me, and smelled 
at me, and of course this was sufficient to inhibit every recently 
established reflex. Another example is very similar. If one 
experimenter had worked with a dog and established some firm and 
stable conditioned reflexes, conducting numerous experiments with 
them, when he handed the animal over to another experimenter to 
work with, all the reflexes disappeared for a considerable time. 
The same happened when the dog was changed over from one 
research room to another. 

In the case of extra stimuli, which awaken specialized reflex 
responses, the resulting inhibition is extremely profound. Examples 
of such extra stimuli are, the sight or sound of game for sporting 
dogs, of cats for some dogs, rustling under the floor for others, and 
so on, Not only such specialized stimuli, but also any very strong 
or unusual stimulus exhibits a prolonged and pronounced inhibitory 
after-effect. With respect to strong or unusual stimuli dogs can be 
divided into two groups. Some respond in a manner which may be 
termed positive, i.e. aggressively—barking furiously and baring 
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their teeth. Others exhibit a defence reaction of a passive nature— 
they try to get free and run away or they stand like lumps of stone 
absolutely motionless; and sometimes they will shiver violently 
and crouch down in the stand ; or they may urinate, a most unusual 
occurrence for dogs while in the stand. In these dogs inhibition 
predominates. This case can also be classified as a type of indirect 
or external inhibition of conditioned reflexes, for the inhibition 
originates primarily in other parts of the brain than that where the 
reflex response is initiated. 

All the cases of external inhibition which have just been discussed 
are of a temporary nature, and on this account the stimuli producing 
these effects are termed temporary inhibitory stimuli. If they act 
upon the animal repeatedly and are not reinforced with any uncon- 
ditioned or conditioned stimulus, sooner or later they become lost 
upon the organism and lose all their inhibitory properties. 

An experiment providing an admirable illustration of this 
condition occurred during the first two lectures, without the audience 
being aware of it. The dog used for the experiment with the metro- 
nome (p. 22) had been kept in the lecture theatre during the whole 
of one lecture previous to the demonstration, while one of my 
co-workers repeatedly tried the experiment. As a matter of fact 
the experiment was at first a failure, the reflex being inhibited, and 
the animal only freed itself gradually from the inhibitory influence 
of the unfamiliar surroundings. 

Some years ago, when J was delivering a series of lectures on 
conditioned reflexes, I had to proceed in a similar manner for demon- 
stration of experiments. The dogs were placed in the lecture theatre 
from the very beginning of the course of lectures, and my co-workers 
constantly repeated the experiments preliminary to the actual 
lecture demonstration, and only with this precaution could the 
experiments be successfully conducted. In this series of lectures, 
unfortunately, the present unavoidable and unforeseen circumstances 
have deprived me of these facilities; I shall have to restrict myself 
to occasional demonstrations, keeping chiefly to a description of 
experiments and researches conducted in our laboratories. 

In addition to the temporary external inhibition, a second type 
of external inhibition can be distinguished. This may be termed 
permanent external inhibition, since it does not weaken through 
repetition, but constantly maintains its strength. An example may 
be found in the reaction to acid. If the dog is given food, even 
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some considerable time before the conditioned stimulus to the acid 
is applied, this reflex cannot be obtained. What happens is that the 
alimentary centres inhibit the reaction to acid for a considerable 
time after they themselves are set into activity, and this happens 
always, no matter how often the experiment may be repeated. It 
is therefore a permanent external inhibition which does not undergo 
any sort of spontaneous extinction. Such cases are not at all rare. 
If a conditioned reflex is established to introduction of acid, any 
careless administration—too much acid, or too concentrated, or 
applied too often—produces a severe irritation of the buccal mucous 
membrane and produces a permanent inhibition of conditioned 
reflexes which lasts until the pathological condition is removed. 
Again, the dog may have some laceration of the skin which may be 
constantly irritated by the supporting loops of the stand. The 
defence reflex will then become dominant while the conditioned 
reflexes, and especially the mild defence reflex to acid, will be in- 
hibited. Many more examples of this nature could be quoted. I 
will give one or two more. In one case an experiment may be running 
quite smoothly, and suddenly all conditioned reflexes begin to fail, 
and finally disappear altogether. The dog is taken out, allowed’ 
to urinate, and then all the reflexes return to- normal. Evidently 
stimulation of the centre for micturition had inhibited the conditioned 
reflexes. Another example may be chosen in the season when the 
females are in heat. If the males have been housed near the females 
before the experiment, it is found that all their conditioned reflexes 
are inhibited in greater or less degree. It is obvious in this case 
that the inhibition derives from the sexual centres in the hemispheres. 
In face of such numerous potential sources of inhibition we see that 
our term of “ conditioned ” reflexes is very appropriate. Yet these 
conditions can readily be controlled, and the disquieting factors can 
be eliminated. All of them produce external inhibition, and I should 
like to give a final summing up of their character: No sooner does 
any extra nervous excitation occur in the central nervous system 
than it immediately makes its presence felt in diminishing or abolish- 
ing conditioned reflexes, but temporarily only, as long as the causative 
stimulus or its after-effect is present. 


LECTURE IV 
Internal inhibition of conditioned reflexes : (a) Extinction. 


TOWARDS the end of the last lecture I discussed external inhibition 
of conditioned reflexes, as exhibited in numerous cases of temporary 
clashing between conditioned reflexes and other extra excitatory 
processes in the brain, and we saw how this clashing led to weakening, 
more or less profound, and sometinres even to the disappearance 
of the conditioned reflexes. 

In the second type of inhibition, which may be termed internal 
inhibition, the positive conditioned stimulus itself becomes, under 
definite conditions, negative or inhibitory ; it now evokes in the 
cells of the cortex a process of inhibition instead of the usual excita- 
tion. Conditions favouring the development of conditioned reflexes 
of the negative or inhibitory type are of frequent occurrence, and 
these reflexes are met with not less frequently than reflexes of the 
positive or excitatory type. 

The most striking difference between external and internal 
inhibition is that, whereas under the conditions described in the 
preceding lecture external inhibition is produced .on the very first 
application of an extra stimulus, internal inhibition on the other 
hand always develops progressively, quite often very slowly, and 
in many cases with difficulty. 

I shall start by describing that form of internal inhibition which 
was first encountered in our researches, and shall trace the growth 
of our present conception of its nature. 

Demonstration.—The following is an example of an experiment 
illustrating the first group of internal inhibitions. 

We are taking for this experiment the same dog that was used 
in the second lecture for the conditioned reflex to the sound of the 
metronome. In testing the reflex the metronome is sounded for 
30 seconds during which the secretion of saliva is measured in drops, 
and at the same time the interval between the beginning of the 
stimulus and the beginning of the salivary secretion is recorded. 
This interval is customarily called the latent period, although as 
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will be seen later some other term might morc usefully have been 
employed. Stimulation by the metronome is not followed in this 
particular experiment by feeding, i.e. contrary to our usual routine 
the conditioned reflex is not reinforced. The stimulus of the metro- 
nome is repeated during periods of 30 seconds at intervals of two 
minutes. The following results are obtained : 


Latent Period Secretion of Saliva 
in Seconds in Drops during 
30 seconds 
SB - ee ee lee 0 
ae a a are 
Ba Sh oki Tal sail am, can Mab tes S8 
4 - - - - - - 5 
5 - | 
9 - 2 5 eee g 
133 žá . - - - - : 5 3 


The continuation of this experiment must be left over until later 
on in the lecture when it will be possible to add a further important 
detail. One detail, however, already stands out quite clearly, 
namely that repeated application of a conditioned stimulus which 
is not followed up by reinforcement leads to a weakening of the 
conditioned. reflex. If the experiment had been pushed further 
there would have come a stage when the reflex would entirely dis- 
appear. This phenomenon of a rapid and more or less smoothly 
progressive weakening of the reflex to a conditioned stimulus which 
is repeated a number of times without reinforcement may appro- 
priately be termed extinction of conditioned reflexes, Such a term 
has the advantage that it does not imply any hypothesis as 
to the exact mechanism by which the phenomenon is brought 
about. 

Abundant evidence has been collected in our laboratories 
relating to experimental extinction of conditioned reflexes, but 
before I can discuss this it is necessary to make a few remarks about 
the terminology which will be employed. Formerly we made a 
distinction between “‘ natural ” and “‘ artificial ” conditioned reflexes, 
“ natural” reflexes being those which appeared to be formed 
spontaneously as a result of the natural association of, for example, 
the sight and smell of food with the eating of food itself, or of the 
procedure of introducing acid or some rejectable substance with 
the acid or the rejectable substance itself, while “ artificial ” reflexes 


were those which could be formed as a result of artificially associating 
A.P. D 
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with the food or rejectable substance stimuli which in the ordinary 
course of events have nothing in common with food or the rejectable 
substance. At the present time, however, we know that there is not 
the slightest difference in properties between all these reflexes. I 
mention this fact here because the numerous experiments of the 
earlier period of our work were carried out with the “ natural” 
conditioned reflexes, and it is from these that I shall draw many 
examples in the present lecture. All the numerous artificial stimuli 
which we now use every day in our experiments were important to 
us at the time of those experiments because they provided easily 
controlled, exact, and regularly reproducible stimuli, and because 
they could be applied to check the correctness of our concep- 
tion of the mechanism by which natural conditioned reflexes 
are formed. At present the artificial stimuli predominate in impor- 
tance because of the vast field of research they have unfolded to us 
and because they came ultimately to provide the most important 
material for our investigation. 

The progress of experimental extinction is often subject to 
fluctuation. The fluctuations of an otherwise smooth curve may be 
brought about both by external and internal factors. To obtain a 
smooth curve of extinction of a conditioned reflex it is necessary to 
maintain the unreinforced conditioned stimulus rigidly constant in 
character and strength; the environing experimental conditions 
also must remain absolutely constant. Very wide fluctuations in 
the reflex undergoing experimental extinction are apt to occur in the 
case of a natural conditioned stimulus, for example the presentation 
of food, which may be held at one time further away from the animal 
than at another, or which may be held stationary or slightly moving. 
With an artificial conditioned stimulus, on the other hand, it is quite 
easy to obtain an eact repetition of the stimulus and so to avoid 
this cause of disturbance in the curve of extinction. With regard 
to variations in the experimental conditions it is only natural that 
any marked changes in the environment, such, for example, as any 
introduction of strong extra stimuli which would produce external 
inhibition, should also affect the smoothness of the curve of experi- 
mental extinction. Such strong stimuli abruptly diminish all 
conditioned reflexes, including of course reflexes undergoing extinc- 
tion, but the reflexes reappear when the disturbing stimuli are 
removed. Even greater interest attaches to the effect of extra 
stimuli of small intensity. Such stimuli produce a temporary 
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weakening, not of the reflex, but of the progress of the experimental 
extinction. An example can be seen in the fifth repetition of the 
conditioned stimulus in our lecture demonstration (p. 49). The 
rise in the reaction from 5 drops to 7 drops definitely coincided with 
some small disturbance produced by the audience. This effect of 
extra stimuli of small intensity is of great importance for the 
physiology of the hemispheres, and we shall return to it later in 
this lecture. 

Even with stimuli of constant strength, and with constant 
environing conditions, fluctuations in the curve of experimental 
extinction are sometimes observed. These fluctuations are of 
rhythmic character and are evidently due to some internal factors. 
These factors affect directly the nervous processes involved in ex- 
perimental extinction, and we shall come across examples on frequent 
occasions in the further course of our discussion. 

The rate of experimental extinction, measured by the period of 
time during which a given stimulus must be applied at definite 
regular intervals without reinforcement before the reflex response 
becomes zero, depends on numerous conditions. First among these 
come any individual peculiarities of the nervous organization of 
the animal. Under the same set of external conditions some animals 
will have the conditioned reflexes rapidly extinguished, while in 
others the whole process will be much delayed. In excitable dogs 
the reflexes are mostly slow of extinction, but in quiet animals 
extinction is rapid. Clearly also the extent to which a reflex has 
gained a firm footing is an important point : a reflex which has only 
recently been established is likely to be less firmly grounded than 
an older one and is likely to suffer extinction the more quickly. 
The rapidity of extinction depends also in a great measure upon the 
intensity of the unconditioned reflex underlying the conditioned 
one which is undergoing experimental extinction. 

In this connection the following experiments by Dr. Babkin are 
of interest : 

An unconditioned reflex to a given quantity of a 1% extract of 
quassia introduced into the dog’s mouth produces on an average 
of ten experiments 1-71 c.c. of salivary secretion. A conditioned 
reflex established on the basis of this unconditioned one produces 
0-3 c.c. during one minute of stimulation. A definite quantity of 
0-1% aqueous solution of hydrochloric acid evokes in the same dog 
an unconditioned reflex measuring on an average of five experiments 
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5-2 c.c. The corresponding conditioned reflex gives 0-9 c.c. during 
one minute of stimulation. The conditioned stimuli are “ natural ” 
ones, namely, the presentation of quassia or of acid, as the case may 
be, at some distance from the animal. Every other condition of 
the experiment is maintained rigidly constant. The following table 
illustrates the experimental extinction of each of the two conditioned 
reflexes in this animal. 


Extinction of the Extinction of the 


Conditioned Reflex to Conditioned Reflex to 
Hydrochloric Acid. Extract of Quassia. 
Secretion of Saliva Secretion of Saliva 

in c.cs. during in c.cs. during 

one minute one minute 
1:00 c.c. 0:35 c.c. 
0-60 c.c. 0:10 c.c. 
0-40 c.c. 0:00 c.c. 
0:30 ec. 

0-15 c.c. 

0-20 c.c. 

0-10 c.c. 

0-00 c.c. 


Yet another important factor in determining the rate of experi- 
mental extinction is the length of pause between successive repetitions 
of the stimulus without reinforcement. The shorter the pause the 
more quickly will extinction of the reflex be obtained, and in most 
cases a smaller number of repetitions will be required. The con- 
ditions may be illustrated from an experiment by Dr. Babkin : 

The conditioned stimulus was provided by meat powder presented 
to the dog at a distance for one minute ; the stimulus was repeated 
several times in succession, and was of course not reinforced. The 
five series of extinctions given below were carried out on the same 
animal in a single day. Between separate extinctions the dog was 
given a rest, and the reflex was reinforced by feeding with meat 
powder. 


Stimulation applied at intervals of two minutes. 
Amount of Saliva 


Time secreted during 
one minute in c.cs. 
11.46 a.m. - - s z = ʻ - 06 
11.49 ,, - k = z z z 0:3 
11.52 ,, - = - 2 z 5 - Ol 
11.55 , - - : 3 : z - 02 
11.58 ,, - - 2 z = E - O15 
12.01 pm. - 7 7 : a 2 - 00 
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Stimulation applied at intervais of four minutes. 


Amount of Saliva 


Time secreted during 
one minute in c.cs. 
12.10 pm. - - - - $ z - 07 
12.15 ,, - : x z 2 S - 04 
12.20 , - - - A _ - 03 
12.25 ,, - - - - - s - Ol 
12.30 , - - - - - - - 00 
Stimulation applied at intervals of eight minutcs. 
1.47 p.m. - - - - - - - 04 
1.56 , - ‘ : s z š - 03 
2.05 ,, - - - - - - - 02 
2.14 , - - - - 2 2 - 015 
2.23 ,, - = S s i l - Ol 
2.32 ,, - : - . : . - 02 
2.41 , 7 - . š 7 : - 00 
Stimulation applied at intervals of sixteen minutes. 
3.23 p.m : - - z = s - 06 
3.40 ,, - 7 a < z š - 06 
3.57 ,, - - é £ 3 3 - 05 
4.14 ,, - z 5 > 2 z - 03 
4.31 - - Š 2 z s - 0l 
4.48 , - - - 7 P é - 02 
505 , - - - - - - - Ol 
5.22 ,„ - - è å £ P - 0l 
Stimulation applied at intervals of two minutes. 
5.27 pm., - - - - - ` - 06 
5.30 , - - - - - - - 03 
5.33 ,„ - - - - - ` - 03 
5.36 , - - - - - ` - 02 
5.39 , - - - - - ` - 0l 
5.42 ,„ - - - - - - - 005 
5.45 ,„ - - - - - - - 00 
To sum up: 


With an interval of A minutes extinction was obtained in ap minutes. 


” n” 8 ” 
” n” 16 ,» 
r n” 2 Ld 


” ” ” 


ap 54 »”» 
» incomplètein 2 hours. 
i occurred in 18 minutes. 


The final condition which influences the rate of experimental 
extinction is the number of times the given reflex has been sub- 


jected to extinction in the same animal. 


After each fresh 


extinction of a conditioned reflex the number of unreinforced 
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conditioned stimuli required to produce the next experimental ex- 
tinction is less, until in the end a zero reaction results in some 
dogs from only a single application of the unreinforced conditioned 
stimulus. 

A circumstance of especial interest is that experimental extinction 
of any single conditioned reflex results, not only in a weakening of 
that particular conditioned refiex which is directly subjected to the 
extinction (primary extinction), but also in a weakening of other 
conditioned refiexes which were not directly subjected to extinction 
(secondary extinction). This latter phenomenon involves not only 
those conditioned reflexes which were based upon a common un- 
conditioned reflex with the primarily extinguished one (homogeneous 
conditioned reflexes), but also those which were based upon a different 
unconditioned reflex (heterogeneous conditioned reflexes). Sometimes 
secondary extinction reaches a profound degree, involving even 
the unconditioned reflexes. The latter case is illustrated by the 
following experiment of Dr. Perelzweig : 

A given quantity of hydrochloric acid produced on an average 
in a dog a salivary secretion of 6 c.c. After several extinctions of 
the corresponding conditioned defence reflex, in which the condi- 
tioned stimulus was tactile, application of the acid itself pro- 
duced only 3-8 c.c. Even more striking results were obtained 
in connection with the secondary extinction of homogeneous con- 
ditioned reflexes, and our experiments were mainly concerned with 
these. i 

In every case of secondary extinction the degree to which the 
primary experimental extinction is carried is of first importance. 
A primary experimental extinction of a conditioned refiex which is 
carried to its final stages smooths out the many small points of 
difference between secondary extinctions of different conditioned 
reflexes, but a primary extinction which is carried to only a moderate 
degree leaves these small differences well pronounced. It may be 
stated, other things being equal, that the extent to which homo- 
geneous conditioned refiexes undergo secondary extinction is deter- 
mined by their relative physiological strengths. The strength of 
a conditioned refiex, in its turn, depends on whether it has long been 
established, on the number of times it has been refreshed by rein- 
forcement, and on whether or not the reinforcement has been 
discontinued, and for how long. The extent of secondary extinction 
depends also on whether, and on how often, the reflex has previously 
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been subjected to experimental extinction, and on whether or 
not it is reinforced immediately before the primary extinction is 
begun. 

The greater the strength of the conditioned reflex as compared 
with the reflex which is subjected to primary extinction, the less 
does it undergo secondary extinction ; on the other hand, if the 
stronger reflex is subjected to primary experimental extinction the 
weaker conditioned reflex undergoes complete secondary extinction. 
The following experiments bearing on this subject were performed 
by Dr. Babkin : 

A dog has three conditioned reflexes to acid, one depending on 
the sound of a buzzer, a second on the sound of a metronome and a 
third on a tactile stimulation of the skin. Every conditioned stimulus 
was continued always for 30 seconds. The first experiment shows 
the relative strengths of the reflexes. 





Salivary Secretion 





Time Conditioned Stimulus in drops during 
30 seconds 
3.24 pe m. Metronome 5) All the 
3.41 Buzzer 8 | conditioned 
4.05 ,, Tactile 4'. reflexes were 
4.41 ,, Metronome 12 | reinforced by 
4.51 , Buzzer 13} acid 





In the following experiment a primary extinction of the reflex to 
the metronome was produced by repeating the stimulus at intervals 
of three minutes. 


Salivary Secretion 








Time Conditioned Stimulus in drops during 
30 seconds 

12.07 p.m. Metronome 13 
12.10 ,, ‘i | 67 
12.13 ,, A 5 
12.16 ,, si 6 
12.19 ,, ” 3. | None of the 
12.22 _,, 2-5 } stimuli were 
12.25 ,, 3 0 | reinforced. 
12.28 , 35 0 
12.31 , Tactile 0 
12.34 ,, Metronome 0 
12.37 __,, Buzzer 25 
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On primary extinction of the conditioned reflex of medium 
strength the weaker tactile reflex also was completely extinguished, 
while the stronger reflex (to buzzer) was still partly active. These 
results were corroborated by further experiments in which the order 
of testing the secondarily extinguished reflexes was reversed. 

The same dependence of the degree of extinction upon the strength 
of the conditioned reflexes is seen when the conditioned reflex 
undergoing extinction is one to a compound stimulus composed of 
several distinct elements which can be applied either simultaneously 
or else independently. Primary extinction of the reflex to the 
compound stimulus is always accompanied by secondary extinction 
of the reflexes to its individual components. Supposing there are 
two components of equal physiological strength, then the primary 
extinction of the one leads to simultaneous secondary extinction of 
the other, while the reflex to the compound stimulus is usually 
considerably diminished. Where, however, the two components of 
the compound stimulus are unequal in strength, primary extinction 

-of the stronger reflex leads to a complete extinction of the reflex 
to the weaker component, while extinction of the weaker (unless 
carried beyond zero) leads only to a partial weakening of the reflex 
to the stronger component. The primary extinction of the stronger 
reflex leads also to a complete extinction of the reflex to the compound 
stimulus. The question of interrelation between the different 
individual components in a compound stimulus will be discussed 
further in a future lecture. : 

In the meantime we must endeavour to find a correct inter- 
pretation of the phenomenon of experimental extinction, and we 
shall find it important in this connection to give attention to a casc 
in which the weaker of the two components in a conditioned reflex 
is completely overshadowed by the stronger, the weaker when tested 
separately producing no positive reflex effect. When in such a case 
the weaker stimulus is applied singly several times in succession, 
without reinforcement, there results, nevertheless, an extinction 
not only of the reflex to the stronger stimulus, but also of the reflex 
to the compound stimulus. An experiment by Dr. Perelzweig can 
be taken to illustrate this point : 

A compound conditioned reflex has been established on a basis 
of the defence reflex to acid. The individual components of the 
compound stimulus are a tactile stimulus and a thermal stimulus 
of 0°C. In the experiment given below the animal is stimulated by 
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the compound stimulus and by its components sep rately. In every 
case the stimulus is applied during one minute. 











Time Conditioned | Secretion of Saliva 
Stimulus in ¢.cs. 
12.0 noon | Compound 1-0 
12.25 p.m. Compound 1:0 } Reflex reinforced. 
12.55 p.m. Compound 1-4 } 
2.7 pm. Thermal 00 ) 
2.30 p.m. Thermal 0-0 ; Reflex not reinforced. 
2.55 p.m. | Thermal 0-0 J 
1 p-m. Pikas i 0-0 
.40 p.m. ompoun 0:05 : 
4.5 Dai. Compound 1-0 Reflex reinforced: 
4.25 p.m. Tactile 10 





This experiment shows that the application of the thermal component, 
which by itself was ineffective, led when repeated three times without 
reinforcement to a complete sccondary extinction of the stronger 
tactile component and to a practically complete extinction of the ' 
reflex to the compound stimulus. 

Hitherto, when referring to the degree of extinction, we have 
only spoken of the extinction as being partial or as being complete, 
but we shall now have to extend our conception. Not only must we 
speak of partial or of complete extinction of a conditioned reflex, 
but we must also realize that extinction can proceed beyond the 
point of reducing a reflex to zero. We cannot therefore judge the 
degree of extinction only by the magnitude of the reflex or its 
absence, since there can still be a silent extinction beyond the zero. 
This statement rests upon the fact that a continued repetition of 
an extinguished stimulus beyond the zero of the positive reflex 
deepens the extinction still further. Such an extension of our con- 
ception serves fully to elucidate the experiment just described, and 
it explains why the seemingly inactive thermal component when 
subjected to experimental extinction led to such a profound secondary 
extinction of the stronger tactile component. The importance of 
considering the degree of extinction in all experiments thus becomes 
evident. The methods of determining the degree of extinction when 
it goes beyond zero will be explained in connection with the question 
which will next be discussed. 

We shall consider what happens to the conditioned reflexes after 
they have been subjected to experimental extinction and inquire 
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whether they ever regain their original strength. Left to themselves 
extinguished conditioned reflexes spontaneously recover their full 
strength after a longer or shorter interval of time, but this of course 
does not apply to conditioned reflexes which are only just in process 
of formation. Such reflexes, being weak and irregular, may require 
for their recovery after extinction a fresh reinforcement by the 
underlying unconditioned reflex. However, all those conditioned 
reflexes which have been fully established invariably and spon- 
taneously return sooner or later to their full strength. This provides 
one way of determining the depth of extinction ; it is measured, 
other conditions being equal, by the time taken for spontaneous 
restoration of the extinguished reflex to its original strength. Such 
time interval may vary for the different reflexes from a few minutes 
to a number of hours. I shall give a few experiments in illustration. 
The first is an experiment by Dr. Babkin : 

Presentation of meat powder a short distance away at intervals 
of three minutes ; the reflex is not reinforced. 


Time Secretion of Saliva 


in ¢.c8. 
11.33 am. - - - - à è - 10 
11.386 ,, - - Se age g 2 3 06 
11.39 ,, - ` Ss a E : : 03 
11.42 ,, - - . a x ; -> 01 
11.45 ,, - . š 2 s s z 00 
11.48 , - - - - - - - 00 
i ` Interval of 2 hours. . 

1.50 pm. - - - Š - ” g 0-15 


The second experiment is by Dr. Eliason : 
Meat powder is presented a short distance away at intervals of 
ten minutes ; the reflex is not reinforced. A 


‘ Secretion of Sali 
Time "in drops alive 
1.42 p.m. - - - - - - - 8 
1.52 ,„ - - - - 7 2 a 3 
2.2 ” g k i - = = a 0 
Interval of 20 minutes. 
2.22 p.m. = - - - = - Š 7 


It will be interesting now to return to the demonstration given 
in the earlier part of this lecture and to examine whether there is 
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any spontaneous recovery of the reflex to the metronome which was 
partially extinguished just twenty-three minutes ago. 

Continuation of Demonstration.—The dog is again subjected to 
the stimulus of the metronome for 30 seconds: the latent period 
of the conditioned reflex now comes out at 5 seconds and the 
salivary secretion is 6 drops. At the last reading the latent 
period was 13 seconds and the salivary secretion 3 drops. Con- 
siderable recovery has therefore taken place spontaneously during 
the lecture. 

The great differences in rapidity of restoration of extinguished 
reflexes depend on a number of factors. The most important factor 
is the depth of the preceding extinction. The individual character 
of an animal and its type of general nervous organization also play 
an important part. Much depends also on the intensity of. the 
conditioned reflex which was subjected to experimental extinction ; 
and finally, upon how often the experimental extinction has been 
repeated. In every case, however, it is possible to accelerate the 
restoration of an extinguished conditioned reflex. For this purpose- 
it is only necessary to apply the unconditioned stimulus on which 
the conditioned reflex was built up, either singly, or together with 
the extinguished conditioned stimulus. This method produces a 
more or less rapid restoration, according as the conditioned. reflex 
has been extinguished to a greater or less degree. If the extinction 
has not been carried very far, a single application of the unconditioned 
stimulus is often.sufficient to restore the reflex to full strength ; but 
if the extinction has been made profound, repeated reinforcements 
are necessary. This means of accelerating the recovery of the ex- 
tinguished reflex affords another method of measuring the depth of 
extinction. The further question whether the acceleration in the 
restoration of an extinguished conditioned reflex is greater when the 
unconditioned reflex is applied singly, or when it is applied in the 
form of reinforcement cannot be discussed at present, as it is still 
under investigation (see Lecture XXII). . 

All this description of facts about extinction may have proved 
rather wearisome to the reader, owing to the absence of any under- 
lying uniformity. Nevertheless they served an important purpose 
in that through a careful consideration of them we were enabled 
gradually to come upon a solution of the fundamental question as 
to the intimate nature of experimental extinction. By ruling out 
one interpretation after another we arrived at the conclusion that 
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extinction must be regarded as a special form of inhibition. That 
it cannot be regarded as an irreparable destruction of the conditioned 
reflex, due to disruption of the respective nervous connections, is 
evidenced by the fact that the extinguished reflexes spontaneously 
regenerate in course of time. Another possible explanation also 
suggests itself: may it not be that the experimental extinction is 
brought about simply by fatigue in some part of the neuro-secretory 
apparatus involved in the reflex ? This is ruled out by the following 
evidence. The secretory elements in the gland do not become 
fatigued when the conditioned reflexes are being reinforced, although 
they continue indefinitely during an experiment to produce a full 
salivary secretion. Moreover, the restoration of an extinguished 
reflex is greatly accelerated by a fresh application of the uncondi- 
tioned stimulus, a still further secretory activity of the gland being 
readily obtained although the reflex has been deeply extinguished. 
Neither can there be fatigue in the nervous centres of the secretory 
reflex. It is sufficient to recall the experiment with the conditioned 
reflex to the compound stimulus which had two cutaneous com- 
ponents—tactile and thermal. The thermal stimulus, which was 
the weaker, could not by itself produce even the slightest positive 
effect : yet none the less its repeated application brought about a 
secondary extinction of the stronger tactile stimulus and even of the 
compound stimulus itself. The extinction of the ineffective thermal 
stimulus was at no time accompanied by any kind of positive activity 
of the nervous elements, and it is difficult to conceive that a part of 
the central nervous system underwent fatigue without previous 
activity. Again, it would seem that if we were to admit the pos- 
sibility of any fatigue in the nervous centres, we could expect only 
the reflex to the thermal stimulus to become fatigued, but we find 
also an extinction of the reflex to the tactile stimulus which was not 
brought into activity at any time during the repeated stimulation 
of the thermal receptors. Thus by a process of elimination we are 
forced to the conclusion that experimental extinction is based on 
inhibition, and if we look at the facts which have been described, in 
the light of this conclusion nearly all of them become perfectly 
intelligible. 

The spontaneous rhythmic fluctuations in the reflexes sometimes 
observed during the process of experimental extinction can now 
easily be explained as a manifestation of the struggle which is taking 
place between the nervous processes of excitation and inhibition 
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before one or other of them gains the mastery. Similarly it becomes 
quite easy to understand the part played by the individuality of 
the animal. We have all observed for ourselves how the inhibitory 
processes in the nervous system of human beings are seldom of 
the same intensity in any two people, and numerous examples 
in the further course of these lectures will make it clear that a 
precisely similar variation obtains in the nervous system of 
animals. 

It is clear that the more vigorous a conditioned reflex, or in other 
words the greater the intensity of the excitatory process, the more 
intense must be the inhibitory process in order to overcome it, and 
therefore the greater the number of unreinforced repetitions necessary 
to bring about complete extinction. Again, it was seen that a re- 
petition of the non-reinforced conditioned stimulus was necessary 
to produce a sufficient summation of the inhibitory after-effect for 
complete experimental extinction, and it is reasonable to suppose 
that the shorter the intervals between successive repetitions of the 
stimulus the more quickly will the required intensity of the inhibitory 
process be obtained. This also was found to be the case. As a result 
of repetitions of experimental extinction on the same animal the 
zero level of a fresh extinction of the reflex is reached more rapidly. 
This shows that inhibition like excitation is facilitated by repetition. 
The fact itself is well known from observation of ourselves and 
others, but abundant experimental evidence for animals will be 
afforded during. the further course of our study of conditioned 
reflexes. 

The influence exerted by experimental extinction on reflexes 
other than the one undergoing extinction, including unconditioned 
reflexes as well as homogeneous and heterogeneous conditioned 
reflexes, must be regarded as the result of a spreading of the inhibitory 
process from its point of initiation through the entire nervous struc- 
ture of the hemispheres. This process will be fully discussed in one 
of the later lectures. 

We have now to consider in detail still another important feature 
which has already been noted in passing, but was left unexplained, 
namely the frequent deviations observed in the curve of experimental 
extinction. These deviations represent sudden rapid strengthenings 
in the intensity of the reflex which is undergoing extinction, and 
they depend on the introduction of any accidental stimuli into the 
experimental environment. Some extraneous sound or shadow 
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finding its way into the room produces at once a rapid strengthening 
of the reflex, and of course a similar effect is produced by different 
extra stimuli which we ourselves apply on purpose in order to study 
this phenomenon experimentally. 

I shall describe first of all an observation which for a long time 
we were at a loss to interpret. A natural conditioned reflex to meat 
powder, which, as we know from control experiments, after extinction 
recovers its initial value spontaneously in something between a half 
and one hour, is again extinguished to zero. This time, however, 
instead of waiting for the spontaneous recovery of the reflex a weak 
solution of acid is immediately introduced into the dog’s mouth, and 
after the termination of the secretion produced by the acid (about 
five minutes) meat powder is again presented at a short distance. 
This time although nothing like half an hour has elapsed the con- 
ditioned alimentary reflex is found to be almost completely restored. 
At first sight the accelerated recovery of the extinguished reflex seems 
paradoxical, since we know already that positive conditioned reflexes 
are always quite definitely specific—a definite stimulus rigidly evoking 
a definite reaction—but in this case a stimulus to an extinguished 
conditioned alimentary reflex has had its full strength restored 
through the single application of a stimulus to a heterogeneous 
unconditioned reflex, namely the defence reflex to acid. And there 
can be no doubt that although the secretory component of the two 
reflexes is effected through the same glands yet they are distinctly 
heterogeneous in nature, since the defence reflex to acid differs 
sharply from the alimentary reflex to food both as regards the 
composition of the saliva secreted and as regards the character of 
the motor response. Without attempting for the present to give 
any explanation we can designate this observation from a purely 
matter of fact point of view as consisting of a sudden removal by 
an extraneous reflex of the inhibitory process set up by experimental 
extinction. 

The whole group of cases of which the above is an illustration 
have one common feature. In all of them the removal of the 
inhibition is only temporary, persisting no longer than the extra 
stimulus responsible for the removal of inhibition and its after- 
effect. 

It is interesting to mention in this connection a disagreement 
which arose among the members of the staff in our laboratory 
before the fact of the restorative effect of acid upon an extinguished 
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alimentary conditioned reflex had been indubitably established. 
Some of the workers admitted this restorative effect without question, 
while others disputed it. However, the experimental side of the 
question turned out to be right in both cases. The cause of the 
discrepancy was clearly brought out in Dr. Zavadsky’s researches. 
It appeared that previous observers had overlooked the fact that 
their conditions of experimentation were not fully identical. Those 
workers who accepted the restorative effect had tested the extin- 
guished conditioned alimentary reflex immediately or only a few 
moments after the salivary secretion in response to the acid had 
ceased, while the others had tested the extinguished reflex after 
allowing a considerable interval of time to elapse. Realizing the 
difference in the experimental procedure of the two sets of- workers 
Dr. Zavadsky was able in his experiments to obtain all the different 
stages that had been reported by other workers. Two of his experi- 
ments, performed on the same day, are given below. 





Salivary Secretion in drops 
during one minute. 


Stimulus applied 

Time during ` 
one minute From . From 
submaxillary Parotid 
gland gland 





pai 


Onno 
jd 


CWP & bo 


2.28 p.m. ‘Meat powder pre- 
2.40 sented at a dis- 
2.52 ,, ’} tance out of 
35 ,, reach of the 
318 , animal. 

3.20 ,, Acid introduced 
into the dog’s 
mouth. The flow 
of saliva con- 
sequent on this 
ceased at 3 hrs. 
23 min. 50 sec. 


33l ,, 


pm. 
("= powder pre-] 
tance. 


sented at a asf 1 0 


The time interval between the end of the secretion produced by 
acid and the subsequent testing of the extinguished reflex was in 
the above experiment 7 minutes 10 seconds. 
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Salivary Secretion in drops 
during one minute. 
Stimulus applied oe i 
during 
one minute 


Time 





Meat powder con- 
sumed. 

Meat powder pre- 
sented at a dis- 10 8 
tance. 

Meat powder con- 

sumed. 


Meat powder pre- 
sented at a dis- 
tance. 


O m A Ny oO 
COoOwWwan 


Acid introduced 
into the dog’s 
mouth. The re- 
sulting salivary 
secretion ceased 
at 4 hrs. 54 min. 
20 sec. p.m. 


Meat powder pre- 
sented at a ais- | 
tance. 


The time interval between the end of the secretion produced by 
acid and the subsequent testing of the extinguished reflex was in 
this experiment 40 seconds. 

Seven minutes after the salivary secretion to acid had ceased 
the restoration of the conditioned alimentary reflex was minimal, 
only one gland showing any activity. When, however, the reflex 
was tested only 40 seconds after the salivary secretion to acid had 
ceased, a considerable restoration of the alimentary conditioned 
reflex was found, involving both glands. 

By this and similar experiments the temporary nature of the 
restoration of an extinguished reflex in response to other extra 
stimuli was easily demonstrated. The restorative effect was in no 
way confined to the administration of acid but was produced also 
by any other extra stimulus. A further example from Dr. Zavadsky’s 
experiments illustrates this general case. The experiment was con- 
ducted on another dog. 
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Amount of Saliva in drops 
during one minute. 





Stimulus applied 
Time during 7 
one minute From From 
submaxillary Parotid 
gland gland 
1.53 p.m. Meat powder pre- { 11 7 
158 - sented at a dis- ; 4 2 
23, | tance. 0 0 
2.8 ~~ ,, Same + tactile 
stimulation of 
skin. 3 i 
213 , Same + knocks un- 
der the table. 2 1 
2.18 ,, Meat powder at a 
distance. 0 0 
2.20 ,, Prof.Pavlov enters 
the room con- 
taining the dog, 
talks, and stays 
for two minutes. 
2.23 ,, Meat powder at a 
distance. 5 1 2 
2.28 ,, Same. 0 0 


NorE.—Previously to this experiment it had been repen odiy 
shown that neither the tactile nor the auditory stimulus, 
nor the entry of Prof. Pavlov into the experimental room, 
produced any secretory effect at all. 


This experiment leaves no doubt that the extinguished alimentary 
conditioned reflex is restored both by the actual presence of the 
extra stimulus (tactile and auditory), and by its after-effect (after- 
effect of stimulus of my entering the room). 

In all the experiments which have just been described the 
restoration of the extinguished reflexes lasts only for a few minutes, 
depending on the duration of the extra stimulus and its after-effect. 
In the case, however, of certain special extra stimuli already men- 
tioned in connection with external inhibition, stimuli which are of 
a protracted nature, the restorative effect is felt throughout the 
whole course of experimental extinction, which is therefore never 
smoothly progressive and can never be brought down to and kept 
at the zero level of the reflex. 

We have now to discuss another important observation bearing 


on the same point. During the whole period of our work we observed 
AP. E 


66 CONDITIONED REFLEXES 


on many occasions the simultancous existence of several different 
reflexes, leading of course to an interaction between them which 
resulted either in predominance of one or another reflex or in their 
mutual neutralization. Thus, if we make a tactile stimulation of 
the skin the stimulus to a conditioned reflex, it frequently happens 
that we are bothered with an interference from the unconditioned 
reflex response to the cutaneous stimulus itself, in the form of the 
scratch reflex or some sort of quivering reflex. This may, in rare 
cases, be so troublesome that the conditioned reflex never reaches 
a stable value. Exactly the same thing happens sometimes with 
musical tones of exceedingly high pitch, it being in some dogs 
impossible to overcome the difficulty of the resulting sharp motor 
response. All such powerful unconditioned stimuli exercise an 
external inhibitory influence which perpetually interferes with all 
positive conditioned reflexes. But it is obvious that these persistent 
extra reflexes should exert a still more powerful disturbing influence 
upon the normal course of the inhibitory processes‘ underlying 
extinction, since inhibition is in every respect more labile than 
excitation. I shall be giving a number of examples substantiating 
this statement in a further lecture, when the whole matter will be 
subjected to a rigorous experimental analysis. All the considerations 
put forward in this lecture permit us to regard the temporary 
restoration of the reflex which is in process of extinction, or which 
is already extinguished, as based upon the removal of an inhibitory 
process. We therefore describe this phenomenon as a dis-inhibition, 
a term we shall always use in the future when we wish to denote a 
temporary removal of inhibition. 

The next question is, whether any distinction can be drawn 
between the case of the restoration of an extinguished conditioned 
reflex resulting from fresh applications of the appropriate un- 
conditioned stimulus, and the case which has just been termed 
dis-inhibition. Our experiments show that undoubtedly such a 
distinction does exist. In the first case, when restoration is effected 
by the special unconditioned stimulus underlying the reflex which 
has undergone extinction, such restoration is permanent. In the 
second case, however, when the restoration is effected under the 
influence of any alien stimulus, such restoration is only temporary. 
As to the actual reason for this difference it is not possible to say very 
much upon the experimental evidence available up to the present. 
There is, however, no doubt that in the first case, just as has already 
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been shown in the second, we are dealing with a removal of inhibition. 
Any hypothesis of au irreparable destruction of the conditioned 
reflex in the process of experimental extinction cannot possibly 
stand for a moment, since in every case of extinction the reflex 
invariably becomes spontaneously restored in a longer or shorter 
time. 

The question of the difference in the mode of restoration in these 
two cases probably goes much deeper, involving the intimate nature 
of the nervous process underlying dis-inhibition. Regarding the 
nervous mechanism of dis-inhibition we cannot hope at present to 
approach anything like a fundamental conception, since as yet we 
know little about the real nature either of the inhibitory process, 
or of the excitatory process, or of their mutual relatious. 

I should like, however, specially to direct your attention to one 
very important feature which repeatedly enforces notice. We have 
seen that the very same extra stimuli, which, when they evoke 
strong extraneous reflexes, produce external inhibition of the positive 
conditioned reflexes, produce, when their effect is weak from the 
start or weakened by repetition, dis-inhibition of the conditioned 
reflexes which were made to undergo extinction. Many examples 
of this will appear in the next lecture. We are now afforded some 
justification for regarding dis-inhibition, as we did a short while 
ago, as being the “ inhibition of an inhibition.” By this we do not 
pretend, however, to explain the underlying mechanism of dis- 
inhibition. ° 

The main conclusion of our discussion of the experimental 
evidence described in this lecture can be summed up briefly as 
follows. A stimulus to a positive conditioned reflex can under certain 
definite conditions readily be transformed into a stimulus for a 
negative or inhibitory conditioned reflex; this transformation is 
fairly rapid, smooth and progressive. It becomes obvious therefore 
that in our further study of the function of the cerebral hemispheres 
we shall necessarily be dealing not only with positive but also with 
negative or inhibitory conditioned reflexes. 


LECTURE V 
Internal inhibition (continued) : (b) Conditioned inhibition. 


Tux fourth lecture was devoted entirely to the study of the first type 
of internal inhibition, which was termed experimental extinction. 
In extinction the positive conditioned stimulus is temporarily 
transformed into a negative or inhibitory one by the simple 
method of repeating it several times in succession without rein- 
forcement. In the present lecture we shall consider the second 
type of internal inhibition, which has also been investigated in 
some detail. 

The method of experimentation is as follows. A positive con- 
ditioned stimulus is firmly established in a dog by means of the 
usual repetitions with reinforcement. A new stimulus is now oc- 
casionally added, and whenever the combination is applied, which 
may be at intervals sometimes extending to hours or days, it is 
never accompanied by the unconditioned stimulus. In this way the 
combination is gradually rendered ineffective, so that the conditioned 
stimulus when applied in combination with the additional stimulus 
loses its positive effect, although when applied singly and with con- 
stant reinforcement it retains its full powers. 

We have been accustomed in our investigations to designate this 
phenomenon by the name of conditioned inhibition, although this 
cannot be regarded as especially appropriate since the development 
of experimental extinction also is subject to equally rigid conditions. 
The use of this term, in fact, can only be justified by historical 
considerations. Since we were concerned in this case with the 
participation of an additional stimulus, the whole phenomenon was 
confused at first with external inhibition. It was only later when 
its character of internal, as distinct from external, inhibition became 
firmly established that the prefix ‘‘ conditioned’ was added. As 
will be shown further on, this form of inhibition might more appro- 
priately have been termed “ differential inhibition.” 


The process of development of conditioned inhibition presents 
68 ` 
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especial interest. While illustrating the varied complexity of the 
phenomena involved, it demonstrates at the same time the value 
of the experimental method as providing a satisfactory means for 
the analysis of this very complexity into simple general principles. 
For this reason we shall discuss conditioned inhibition in considerable 
detail. 

The first point of importance in the establishment of a conditioned 
inhibition is its dependence on time relations between the applica- 
tions of the two stimuli in the inhibitory combination. Conditioned 
inhibition is developed with comparative ease in all those cases 
where the duration of the positive stimulus overlaps that of the 
additional stimulus. In our experiments it is usual to start the 
additional stimulus a few seconds (generally from 3 to 5) before the 
positive stimulus, but provided there is an overlap it is immaterial 
whether the commencement of the additional stimulus precedes, 
coincides with, or even follows by a few seconds, that of the positive 
stimulus. If, on the other hand, the additional stimulus is removed 
as soon as the positive stimulus is applied, so that the two stimuli 
never coincide, the development of the conditioned inhibition may 
be a matter of considerable difficulty, and accompanied by restlessness 
and various defence reactions of the animal. If, finally, a pause 
of several seconds is introduced between the termination of the 
additional stimulus and the beginning of the positive stimulus no 
inhibition develops at all. On the contrary, in the majority of cases, 
when this pause reaches a duration of about ten seconds, the addi- 
tional stimulus itself acquires the properties of a positive stimulus. 
This has been discussed already as the gencral method of formation 
of positive conditioned reflexes of the second order. It is only with 
exceptionally powerful additional stimuli, such for example as a 
powerful motor-car hooter, that the pause can be increased to so 
much as twenty seconds and a conditioned inhibition still be 
developed. An example from the work of Dr. Frolov will serve to 
illustrate the latter case : 

A motor-car hooter was allowed to act for 10 seconds, when, 
after a pause of a further 10 seconds, the alimentary conditioned 
stimulus of a metronome was applied. The first application of 
the hooter did not in the least diminish the magnitude of the 
succeeding reflex reaction. When, however, the same combina- 
tion had been repeated several times in succession, and always 
without reinforcement, the reflex began gradually to diminish. 
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This diminution persisted even when the pause was lengthened 
to 20 seconds. 


Experimeni of 28th December, 1924. 
Second application of the motor-car hooter. 








| Duration of Salivary 
Time Stimulus Stimulation Secretion Remarks 
in seconds in drops 
1.4] p.m. Metronome 30 9 Reinforced. 
1.48 ,, >. 5 (Hooter 10 0 
BEE [Pause 20 0 ) =e 
BUE {Metronome 30 6- : 


Experiment of 21st January, 1925. 
Thirteenth application of hooter. 

















Duration of Salivary 
Time Stimulus Stimulation Secretion Remarks 
in seconds in drops 
1.58 p.m. Metronome 30 8-5 Reinforced. 
29 4, >. = (Hooter 10 0 N 
248 2} Pause 20 0 id 
2° 5 (Metronome 30 l . 





We thus find that the time interval between the two stimuli required 
to produce either conditioned inhibition, or alternatively a positive 
conditioned reflex of the second order, varies according to the in- 
tensity of the additional stimulus. This contingency of the ultimate 
significance of the additional stimulus upon the time relations is 
interesting as evidence of an encounter between the antagonistic 
processes of excitation and inhibition. 

The following interpretation of the complete difference in the 
final character assumed by the additional stimulus under so slight 
a difference in the experimental conditions seems best to agree with 
the experimental results : When the additional stimulus or its fresh 
trace left in the hemispheres coincides with the action of the positive 
stimulus, there must result some sort of special physiological fusion 
of the effect of the stimuli into onc compound excitation partly 
differing from and partly resembling the positive onc. It will be 
shown. in the seventh lecture, that in response to closely related 
stimuli, such as neighbouring tones or tactile stimulation of adjacent 
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places of the skin, the same events take place as in the development 
of conditioned inhibition. If one stimulus with the help of the usual 
procedure is given positive conditioned properties, the neighbouring 
stimuli belonging to the group also give at first a positive conditioned 
reaction, whereas later, on their systematic repetition without 
reinforcement, they lose their excitatory properties and acquire 
inhibitory properties instead. This result corresponds exactly with 
the successful development of conditioned inhibition in the experi- 
ment mentioned at the beginning of this lecture. When, however, 
the additional stimulus is separated from the application of the 
positive conditioned stimulus by a longer interval, the union in the 
hemispheres into a single compound excitation does not materialize ; 
instead, the stimuli act upon the hemispheres as two distinctly 
separate events, and the additional stimulus acquires new properties 
as a positive conditioned stimulus of the second order. The older 
conditioned stimulus acts in this case in exactly the same capacity 
as an unconditioned stimulus in the usual method of establishing 
conditioned reflexes of the first order. A strong stimulus has a 
prolonged after-effect ; it is, therefore, still capable of being fused 
by the hemispheres with the conditioned stimulus into a special new 
compound even after a long interval of time. It is easy to understand 
from this point of view that in the establishment of conditioned 
inhibition the interval which can be made between the end of the 
additional stimulus and the beginning of the positive conditioned 
stimulus must depend directly upon the strength of the additional 
stimulus. Whether our interpretation be the correct one or not, 
the phenomena are encouraging to the experimenter in that in every 
case he can discern a remarkable regularity in these very complex 
activities of the cortex. 

In addition to the usual results obtained as described above, 
mention must be made of certain very rare phenomena obtained with 
some apparently normal animals and with animals in which surgical 
interference with the hemispheres had produced a condition of 
obviously increased excitability of the nervous system. In these 
cases even perfectly synchronous applications of the additional and 
of the positive conditioned stimuli led not to conditioned inhibition 
but to the development of a definite positive conditioned reflex of 
the second order. This generally persisted for a very long time, 
but later it often happened that the secondary conditioned reflex 
and also conditioned inhibition were both present simultaneously. 
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Such a case is represented in the following experiment of Dr. 
Kasherininova : 

Tactile stimulation of the skin was used in this dog as the con- 
ditioned stimulus for the defence refiex to acid, and a metronome 
served for the additional stimulus in an inhibitory combination 
which, of course, was never reinforced. The twenty-fifth application 
of the inhibitory combination evoked a secretion of only 3 drops of 
saliva during one minute, whereas the conditioned stimulus applied 
singly evoked a secretion of 29 drops during one minute. After 
thirty-four repetitions of the inhibitory combination the stimulus 
of the metronome applied singly elicited a salivary secretion of 8 
drops, although prior to its participation in the inhibitory com- 
bination it had no excitatory effect whatsoever. It is clear, therefore, 
that the metronome coupled with the tactile stimulus exerted a 
strong inhibitory influence, but it acquired at the same time some 
of the excitatory properties of the tactile stimulus, so that when 
used alone it behaved as a conditioned stimulus of the second order. 
Though cases such as that just described have been observed but 
rarely, it is quite possible that a transitory acquisition of weak 
excitatory properties of the second order is of no infrequent occur- 
rence in the development of conditioned inhibition. 

The course of development of conditioned inhibition is not always 
the same. In some cases the first addition of a new stimulus to the 
positive conditioned stimulus immediately results in a diminution, 
or even in a complete disappearance, of the conditioned reflex. 
With successive repetitions of the combination the reflex comes 
back nearly to its original level and then again falls slowly to zero. 
In other cases the first few combinations result in an augmentation 
of the reflex as compared with the normal isolated action of the 
conditioned stimulus, and only subsequently does the reflex gradually 
diminish to zero. In yet a third group it is found that an initial 
diminution in the strength of the reflex is followed by a phase of 
augmentation above normal and then again the reflex slowly falls 
to a permanent zero. All these different phases which are observed 
during the establishment of the conditioned inhibition depend 
entirely upon the intensity of the extraneous reflex which is evoked 
in the animal by the additional stimulus. The initial diminution 
of the reflex which occurs in one group during the first few applica- 
tions of the combination is due undoubtedly to external inhibition. 
When the additional stimulus applied singly evokes in the dog a 
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strong investigatory reflex it is found that its addition to the positive 
conditioned stimulus exerts an inhibitory influence from the very 
start. When on the other hand the stimulus evokes only a mild 
investigatory reflex, the preliminary phase of diminution of the 
reflex is absent and the first applications of the combination produce 
an increase in the reflex. This increase is undoubtedly due to 
dis-inhibition, since—as we may state now in anticipation of a 
future discussion—the positive effect of the majority of conditioned 
stimuli in our experimental reflexes is almost invariably preceded 
by a phase of internal inhibition. The inhibitory process is removed 
by the investigatory reflex, provided that the latter is not sufficiently 
strong also to influence the excitatory component of the conditioned 
reflex. The third group of cases, in which the initial diminution in 
strength of the reflex is followed by an increase above normal, depends 
on the gradual weakening through repetition of the extraneous 
reflex produced by the additional stimulus. The external inhibition 
brought about by the investigatory reaction is at first strong enough 
to inhibit the conditioned reflex, but, on weakening, produces only 
dis-inhibition and so increases the strength of the reflex response. 
Several examples of this will be given at the end of the present 
lecture. 

It is obvious that any agent in nature may be used as a stimulus 
for the development of a conditioned inhibition, supposing of course 
that the organism is provided with the requisite organs for the 
perception of such an agent. The records of actual experiments will 
afford numerous illustrations of the different types of stimuli 
employed. 

As was mentioned before, not only the actual stimulus but also 
its trace in the hemispheres can be used for the development of 
conditioned inhibition. The trace must, however, in all cases be 
as recent as possible. The establishment of conditioned inhibition 
when the interval between the stimuli is more prolonged can be 
brought about only by the use of exceptionally strong additional 
stimuli. Once, however, the inhibitory combination has been firmly 
established the pause between the end of the additional stimulus 
and the beginning of the positive conditioned stimulus may be 
extended even to so much as one minute without the inhibitory 
effect of the combination being impaired. 

Some experiments have been made in which the time inter- 
val was itself employed as a stimulus for internal inhibition. 
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The following experiment by Dr. Krjyshkovski illustrates such 
case : 

A definite tone served as a positive conditioned stimulus to acid, 
while a tactile stimulation of the skin served for the additional 
stimulus in the inhibitory combination. The inhibitory combination 
in this dog had been habitually applied for some other special 
purpose at the 19th-20th minute after the last introduction of acid. 
This led to the result that at the 19th-20th minute only a minimal 
salivary secretion was produced by the action of the positive con- 
ditioned stimulus when it was applied singly. 


Interval between the 


successive applications Salivary Secretion 
of the Reinforced ‘ . in drops during 
Conditioned Stimulus one minute 
in minutes 

13 - s 3: aood e 79 

12 - - - - - - . 14 

19 - - - - - - - 0 

g e e ae a dS c, i 

lpn nr a e E o ae 3 

33s o- - - - - - - - 8 


In these experiments the interval of 19 to 20 minutes had itself 
acquired sufficient inhibitory properties to abolish or greatly reduce 
the effect of the conditioned stimulus. 

The rate of development of conditioned inhibition as well as its 
completeness (absolute or relative inhibition) also depends upon a 
number of conditions. Of first importance in this connection is the 
individuality of the animal, the excitable or inhibitable character 
of its nervous organization. In some dogs the establishment of a 
conditioned inhibition takes a long time and never becomes absolute ; 
in other dogs an inhibition becomes completely and firmly established 
after very few repetitions of the inhibitory combination. 

A further important factor is the intensity of the additional 
stimulus employed in the inhibitory combination. For example, 
in an experiment by Dr. Mishtovt, a metronome was used for a 
positive conditioned stimulus to acid, while a thermal stimulation 
of the skin was employed as the additional stimulus. It was found 
that with the thermal stimulus at a temperature of 4 to 5° C. the first 
indication of a conditioned inhibition could be observed only after 
the 30th application of the inhibitory combination, and the inhibition 
was not yet complete even after 145 applications. With the use, 
however, of a thermal stimulus at a temperature of 1°C., in an ex- 
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periment performed on the same animal after an interval of four 
months, only twelve repetitions of the inhibitory combination were 
required to establish complete inhibition. 

The rate of formation of conditioned inhibition depends, again, 
on the character and the relative intensity of the additional stimulus 
in comparison with the conditioned stimulus. In some dogs it was 
found impossible to establish complete inhibition by the addition 
of a thermal stimulus at 45° C., when the sound of a metronome 
served as the positive conditioned stimulus. When, however, a 
visual stimulus was employed as the positive conditioned stimulus 
in a similar combination, a conditioned inhibition could be readily 
produced [experiment by Dr. Foursikov]. 

Finally, it should be mentioned that, although other factors may 
remain constant, the first establishment of a conditioned inhibition 
in a dog takes more time than any succeeding one. 

I have not up to the present given any conclusive evidence that 
the phenomenon of conditioned inhibition is really in the nature of 
an inhibition at all, and is not merely a passive disappearance of the 
positive conditioned reflex owing to the compound stimulus re- 
maining habitually unreinforced. The proof that the phenomenon 
actually does represent a real inhibition will be gradually brought 
out as we proceed with our study of the experimental evidence. 

It will be of interest, first of all, to study the nature and ultimate 
function of the additional stimulus on which conditioned inhibition 
depends. This qan, of course, be determined only by trying out the 
action of the additional stimulus in different modifications of the 
experiment. Tested singly after the conditioned inhibition has been 
fully established it produces no positive effect at all. The action of 
the additional stimulus can be tested, however, by applying it in 
combination with some other positive conditioned stimulus with 
which it has never previously been associated. In such a case the 
inhibitory properties of the ‘additional stimulus become clearly 
revealed, the result being an immediate diminution in the positive 
reflex response. This is true not only in the case of homogeneous 
reflexes, but also in the case of heterogeneous reflexes, and the 
inhibitory effect may extend even to the unconditioned reflexes 
themselves. These facts are clearly exhibited in the following 
experiment by Dr. Leporsky : 

Three alimentary conditioned reflexes have been established in 
the dog used for this experiment, the three stimuli being the flash 
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of a lamp, a rotating object, and the tone C sharp of a pneumatic 
tuning fork. Two independent conditioned inhibitions of the reflex 
to rotation have also been firmly established, one by the use of tactile 
stimulation of the skin and the other by the use of a metronome. 

In the first experiment the flash of the lamp is for the first time 
accompanied by a tactile stimulation of the skin : 


Time 


1.38 p.m. 


1.50 


2.43 


») 





Stimulus applied 
during 1 minute 


Rotating Object. 

Flash of lamp. 

Flash of lamp +tactile 
stimulus. 

Routine reinforcement of 
rotating object by 
feeding 

Rotating object + tactile 
stimulus (the usual in- 
hibitory combination) 


Amount of 


Saliva in 


drops during 


1 minute 


16 
17 


2 


0 


In the second experiment the tone C sharp is for the first time 
accompanied by the metronome. 


” 


Stimulus applied 
during 1 minute 


Tone + metronome 

Tone 

Rotating object 

Routine reinforcement of 
rotating object by 
feeding 

Rotating object + metro- 
nome (the usual inhibi- 
tory combination) 


Amount of 
Saliva in 


drops during 


1 minute 


20 
18 


0 


It will be seen that the additional stimulus when applied for the 
first time in the new combination produced a diminution almost to 
zero in the conditioned reflex response. It follows, therefore, that 
when an additional stimulus is used with an alien homogeneous con- 
ditioned reflex its inhibitory property becomes thereby immediately 
revealed. This same property is seen also when the additional 


CONDITIONED INHIBITION 77 


stimulus is combined for the first time with a heterogeneous 
conditioned reflex, a case which is illustrated in the following 
experiment : 

A dog has a conditioned alimentary reflex which has been 
established by the use of the metronome, while the addition of a 
whistle provides a powerful inhibitory combination. Besides this 
a conditioned reflex to acid has been established in response to 
tactile stimulation of the skin. The metronome and the tactile 
stimuli belong therefore to heterogeneous conditioned reflexes, and 
the positive effect of one of them (%.e. the metronome) is completely 
inhibited by the sound of the whistle. The whistle is now for the 
first time combined with the heterogeneous tactile conditioned 
stimulus [experiment by Dr. Babkin]. 





i i Salivary Secretion 
Time prine sa în drops during 
1 minute 
3.8 p.m. Tactile 3 
3.16 ,, Tactile 8 
3.25 ,, Tactile + whistle Less than 1 drop. 
3.30 ,, Tactile 11 


In all the foregoing experiments it had, of course, to be shown 
before any particular additional stimulus was used in combination 
with an alien positive conditioned stimulus that it would not exercise 
any effect of external inhibition. With this precaution it seems to 
me that the experiments justify our conclusion that where a con- 
ditioned inhibition has been firmly established the additional stimulus 
itself acquires inhibitory properties which can be manifested outside 
the parent combination. The additional stimulus is therefore termed 
in our investigations the conditioned inhibitor. 

It is made clear by further experiments that a real inhibitory 
effect is also produced by the inhibitory combination itself, the 
inbibitory process persisting as an after-effect which may be detected 
some considerable time after the stimulus of the inhibitory combina- 
tion itself has been removed. The inhibitory after-effect exerts its 
influence not only upon the particular reflex to the conditioned 
stimulus employed in the combination, but also upon all other 
conditioned refiexes whether homogeneous or heterogeneous. In 
this connection we may consider the following experiments : 
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In the first experiment a rotating object serves as an alimentary 
conditioned stimulus, and a tonc of 30,000 vibrations produced by 
a Galton’s whistle as its conditioned inhibitor [experiment by Dr. 
Nikolaev]. 





Salivary 
Time Stimulus applied Secretion in 
during 1 minute drops during 
1 minute 
3.5 p-m. Rotating object 7 
3.26 ,, Rotating object 6 
3.38 ,, Rotating object + tone 0 
3.58 ,, Rotating object 1 
4.10 ,, Rotating object 2 


After withdrawal of the stimulation by the inhibitory combina- 
tion the effect of the positive conditioned stimulus is weakened 
for several minutes, and only regains its normal strength by 
degrees. 

In the next experiment a rotating object serves as a conditioned 
stimulus for the defence reflex to acid, and a musical tone serves as 
a conditioned alimentary stimulus. A tactile stimulus is used as a 
conditioned inhibitor for the alimentary reflex. [Experiment by 
Dr. Ponisovsky.] 


Salivary 
Time Stimulus applied Secretion in 
during 30 seconds drops during 
30 seconds 

12.23 p.m. Rotating object 5 
12.382 ,, Rotating object 12 
12.46 ,, Tone + tactile stimulus 0 
12.48 ,, Rotating object 1 


This experiment demonstrates that the heterogeneous conditioned 
reflex also becomes diminished as a result of the inhibitory after- 
effect of the combination. 

When the inhibitor is applied by itself alone, and not together 
with the excitatory stimulus in combination with which it was 
originally developed, it can also be demonstrated to produce an 
inhibitory after-effect. 
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The degree to which positive conditioned reflexes are influenced 
by the conditioned inhibitor varics inversely as their relative physio- 
logical strength. An experiment may be taken from a paper by 
Dr. Leporsky in illustration of this point : 

Three independent conditioned alimentary reflexes have been 
firmly established to a rotating object, to the flash of several electric 
lamps, and to a musical tone. A tactile stimulation of the skin has 
been established as a conditioned inhibitor for each of the three 
‘reflexes, so that in combination with any one of them separately it 
reduces the reflex to zero. All three positive stimuli applied together 
produce a much greater salivary secretion than any one of them 
applied singly, showing summation of conditioned reflexes. The 
experiment shows the effect of the application of the conditioned 
inhibitor in conjunction with the simultaneous action of all three 
positive stimuli. i 








Amount of 
Time Stimulus during . Saliva in 
1 minute drops during 
1 minute 
1.40 p.m. Tone 21 
20 , Rotating object + tone + flash 32 
2.10 , Rotating object 23 
2.27 ,, Simultaneous application of all | 
three positive conditioned | 
stimuli + tactile stimulus 9 
251 ,„ + Rotating object + tactilestimu- | 
lus | 0 





The conditioned inhibitor, therefore, although it reduced to zero 
every one of the positive conditioned reflexes taken singly, could only 
partially inhibit-the reflex secretion evoked by all three acting 
simultaneously (2.27 p.m.). : 

Two further details concerning the inhibitory after-effect remain 
to be considered. The first is the phenomenon of summation of 
after-effect. If the inhibitory combination is applied not once only, 
but several times in succession, so much the more will the strength 
and duration: of the inhibitory after-effect be increased. Two ex- 
periments of Dr. Chebotareva, carried out on successive days, serve 
to illustrate the case in point: 

A metronome serves as a conditioned alimentary stimulus, and 
a rotating object as its conditioned inhibitor. 
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Amount of 
Time Stimulus during Saliva in 
30 seconds drops during 
30 seconds 
First experiment : 
3.32 p.m. Metronome 5 
3.40 ,, Metronome 6 
3.50 Metronome + rotating object 0 
3.52 ,, Metronome 3 
44 Metronome 5 


Experiment on the same dog on the succeeding day : 


12.59 p.m. Metronome 7 
16 ,, Metronome 8 
1.15 , Metronome + rotating object 1 

`1.19 , Metronome +rotating object 0 
1.25 ,, Metronome 2 
1.32 ,, Metronome 6 


In the first experiment it is seen that the conditioned reflex, 
which, to start with, was of considerable strength, when tested by a 
fresh application of the positive conditioned stimulus 14 minutes 
after the cessation of a single application of the inhibitory combina- 
tion (3.52 p.m.), is diminished by half (i.e. from 6 drops to 3). In 
the second experiment, taking place on the following day, the reflex, 
when tested 54 minutes after the second of two successive applica- 
tions of the inhibitory combination (1.25 p.m.)» is diminished by 
three-quarters (i.e. from 8 drops to 2). 

The second important detail concerning the inhibitory after- 
effect is that its duration becomes shorter as the experiments proceed 
from day to day. It may extend in the earlier experiments for 
something over an hour, but in the course of succeeding experiments 
gradually becomes reduced to only a few minutes or seconds: 
The following two experiments of Dr. Nikolaev which were performed, 
with an interval of over 6 months’ continuous experimentation, 
provide an illustration of the case in question : 

A rotating object provides the stimulus to a conditioned ali- 
mentary reflex, while a given tone serves as its conditioned inhibitor. 
In the first experiment the inhibitory after-effect was obvious for 
over 20 minutes ; six months later, after continual practice, it was 
absent so soon as 3} minutes after the single application of the 
inhibitory combination. 
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R Salivary 

Tim Stimulus during Secretion in 

ğ 30 seconds drops during 
30 seconds 





Experiment of 2nd June, 1909. 


3.5 p.m. Rotating object 7 
3.26 _,, Rotating object 6 
3.38 , Rotating object + tone 0 
3.58 ,, Rotating object 1 
4.10 ,, Rotating object 2 
Experiment of 10th January, 1910. Same dog. 
2.16 p.m. Rotating object 8 
2.37 ,, Rotating object + tone 0 
241 ,, Rotating object 12 








The problem of experimental destruction of the inhibitory 
properties of the conditioned inhibitor applied singly or in its in- 
hibitory combination is very complex and has not yet been fully 
worked out. I shall mention, therefore, only some of the better 
established facts. It is obvious that a complete abolition of the 
inhibitory properties of the combination should most readily be 
brought about by reversing the technique employed in its formation 
—1i.e. by systematically reinforcing the inhibitory combination by 
the appropriate unconditioned reflex. An experiment by Dr. 
Krijishkovski will illustrate this process : 

A given tone of a pneumatic tuning fork provides a conditioned 
stimulus to acid, while a tactile stimulation of the skin serves as the 
conditioned inhibitor. 











Salivary | 
Time Stimulus during Secretion in Routine 
1 minute drops during 
i 1 minute 
10 Reinforced by 
acid. 

ee 3 Inhibitory combination ni .) Every application 
1 1 93 » » ” 1 of the inhibitory 
1138 n ” ” 3 combination was 
ia ” ” 5 followed P by 
Br ” » 10 injectionof acid 
12.25 pm. ” ” 14 |} into the mouth, : 

e ” ” »» | 
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Itis interesting to note that if alternately with every application of 
the reinforced inhibitory combination we repeat the reinforced positive 
conditioned stimulus, a very considerable retardation in the progress 
of destruction of the inhibition is produced. This matter will be 
subjected to rigorous experimental analysis further on (Lecture XI). 

Quite distinct from the above process of gradual weakening of 
the inhibitory combination is the case in which the disturbance 
appears suddenly and as suddenly disappears. Extra stimuli 
belonging to the group of mild external inhibitors, as we may term 
them, influencing the animal during the action of the inhibitory 
combination instantaneously restore to something of its normal 
value the positive conditioned reflex which underwent conditioned 
inhibition. It is evident that external inhibition has brought about 
the removal of conditioned inhibition, and that we deal again with 
the phenomenon of dis-inhibition. These relations may be illustrated 
by the following experiments of Dr. Nikolaev : 





, ’ Salivary 
Time Being aaring feet 
| 1 minute 
Experiment of 16th December, 1909. 
2.12 p.m. Rotating object 10 
2.30 ,, Rotating object + tone + metronome 5 
2.37 „ Rotating object + tone 0 
253 ,, Rotating object 7 
35 ,„ Rotating object + tone ə 0 
3.22 , Rotating object 8 
Experiment of 21st December, 1909. 

2.25 p.m. Rotating object 12 
247 ,, Rotating object + tone + tactile sti- 

mulation 3 
2.57 ,„ Rotating object + tone 0 
3.12 , Rotating object 8 
3.21 ,, Rotating object + tone 0 
3.36 , Rotating object 8 

Experiment of 22nd December, 1909. 

2.37 p.m. Rotating object 9 
2.55 ,„ Rotati object + tone + thermal 

stimulus at 50°C. 7 
34 ,„ Rotating object + tone 0 
3.16 ,, Rotating object 11 
3.31 , Rotating object + tone 0 
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The stimulus to a conditioned alimentary reflex is provided by 
a rotating object, while a given tone serves as its conditioned in- 
hibitor. Tactile and thermal stimulations of the skin and the sounds 
of a metronome serve as different extra stimuli. 

The above three experiments show that during the time when 
the extra stimuli (metronome, tactile, or thermal) were acting upon 
the animal the conditioned inhibition was partially removed, 
revealing the underlying excitation. 

In connection with these observations considerable interest is 
attached to the following experiment on the same dog, in which it 
was the intention to introduce an odour as still another dis-inhibiting 
agent. For this purpose the dog was transferred into another room 
fitted with a special box for graduating the intensity of odours. 
The apparatus itself, in addition to its visual effect and the sound 
of its electric motor, acted upon the animal by blowing a continuous 
current of air. All these agencies introduced a whole complex of 
new extra stimuli into the experiment, even without the addition 
of the odour. The new complex of extra stimuli dis-inhibited the 
inhibitory combination, but this effect gradually declined as time 
went on, disappearing completely in an hour and a half after the 
experiment was started. The following experiment was performed 
on the day following the last experiment. 


Experiment of 23rd December, 1909. 
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The first application of the camphor dis-inhibited the combination, 
while on the second application this extra stimulus had already lost 
its dis-inhibiting effect. This rapid disappearance of the effect of 
the extra stimuli introduced by the new apparatus, and again by 
the use of the camphor, is the most usual case with extra stimuli 
which bring about dis-inhibition. The dog employed in this particular 
experiment was an old laboratory animal and had previously been 
subjected to numerous extraneous agencies, so that different changes 
produced now only a transient effect, the animal speedily becoming 
indifferent to them. This is why the introduction of new con- 
ditions into this experiment produced a dis-inhibition right from 
the very start and never any inhibition of the positive conditioned 
reflexes. 

Results were quite different in the case of another dog used by 
Dr. Nikolaev. This dog was fresh to the laboratory and may have 
possessed also a type of nervous organization which was more easily 
subjected to inhibition. In this dog a rotating object was used for 
a conditioned alimentary stimulus, and a tone for its conditioned 
inhibitor. A metronome provided the extra stimulus. 


Experiment of 15th February, 1910. 


A Salivary 
Time Stimulation during 30 seconds drops during 

30 seconds 
11.25 a.m. Rotating object 4 
11.41 ,, Rotating object + tone + metronome 0 
11.52 ,, Rotating object 4 
124 ,, Rotating object 5 
12.14 ,, Rotating object + metronome 0 
12.26 ,, Rotating object 5 


The experiment on the following day gave similar results. On 
the 18th February, at the beginning of the next experiment, the 
metronome was applied alone during one minute, the subsequent 
course of the experiment being shown on the opposite page. 

In the experiment of 15th February the sound of the metronome, 
which served as an extra stimulus, did not produce during its first 
application the result which would be expected from dis-inhibition 
(11.41 a.m.). But the very same stimulus of the metronome when 
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applied along with the positive conditioned stimulus used singly 
produced a complete inhibition (12.14 p.m.). It follows, therefore, 
that the zero value of the reflex in the first case—inhibitory com- 
bination + metronome—was not really due to the internal inhibition 
remaining undisturbed but was due to external inhibition resulting 
from a very powerful extraneous reflex in response to the first ap- 
plication of the metronome. As a result of several repetitions of the 
stimulus of the metronome with the inhibitory combination on the 
16th February and an application at the beginning of the experiment 
of 18th February, the stimulus of the metronome was no longer 
able to produce so powerful an alien reflex and therefore its inhibitory 


Experiment of 18th February, 1910. 








Salivary 
Time Stimulus during 30 seconds i peabae ti 
30 seconds 
11.15 a.m. Rotating object 9 
11.32 ,, Rotating object +tone + metronome 5 
11.39 , Rotating object 4 
11.54 ,„ Rotating object 3 
12.9 p.m. Rotating object + tone + metronome 2 
12.14 ,, Rotating object 5 
12.27 _,, Rotating object +metronome 3 
12.34 ,, Rotating object 4 
12.40 _,, Rotating object + tone 0 


effect upon the positive conditioned component had practically 
disappeared (12.27 p.m.). However, its dis-inhibitory effect was still 
retained and could be well seen in the experiment of 18th February 
(11.32 a.m. and 12.9 p.m.). 

The terminology used in the interpretation of the foregoing 
phenomena may seem to be artificial and arbitrary, but it is not 
possible at a time when the intimate mechanism is still beyond our 
powers of analysis to avoid such terms in what is necessarily a 
schematic representation of the complex nervous processes involved, 
Our terms serve to describe only the actual state and succession of 
events. 

A dis-inhibition of the inhibitory combination can further be 
obtained by means of those stimuli which determine a permanent 
external inhibition (p. 46). The following experiment by Dr. Nikolaev 
bears out this statement : 
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A rotating object serves for the conditioned alimentary stimulus, 
while a tone serves for its conditioned inhibitor. 








Salivary 
Time Stimulus during 1 minute Secretion in 
drops during 
1 minute 
1.47 p.m. Rotating object 10 
20 , Rotating object + tone 0 
2.23 ,, Rotating object 10 
2.89 ,, 10 ce. of 5% solution of sodium 
carbonate introduced in two doses 
into the dog’s mouth — 
2.44 ,, Rotating object + tone 2.5 
2.55 ,, Rotating object + tone 0 
32 , Rotating object 6 








In this case the inhibitory after-effect of sodium carbonate, 
given 4 minutes before, caused a definite dis-inhibition of the reflex 
(2.44 p.m.). 

If an inhibitory combination is applied early within the time of 
the after-effect left by a very strong extra stimulus, for example a 
concentrated solution of quinine, no dis-inhibition is obtained. 
This corresponds exactly with the case of the metronome in the 
experiment on page 84. However, the dis-inhibiting effect of 
quinine can be exhibited as clearly as in the case of the metronome, 
simply by throwing in the inhibitory combination at a later stage, 
when the strength of the after-effect of the action of the quinine has 
had time to diminish. On account of the complete accord of the 
two sets of experiments the description of the experiments with 
quinine need not be given. 

All the experimental evidence which has been dealt with in this 
lecture establishes conclusively that the nervous processes on which 
conditioned inhibition depends are identical in character with those 
of extinctive inhibition. The fundamental condition for their 
development is the same, namely that there shall be no reinforcement 
by the unconditioned reflex. In both cases the process develops 
gradually, being strengthened by repetition. Moreover, the inhibitory 
after-effect does not limit itself to the particular positive conditioned 
reflex which undergoes experimental extinction or conditioned 
inhibition, but in both cases extends to other conditioned reflexes 
as well, including even those which are of heterogeneous origin. 
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The final point of resemblance is that in both cases the inhibitory 
process can be rapidly though temporarily removed, the inhibited 
reflexes undergoing dis-inhibition on account of external inhibition 
resulting from alien reflexes to extra stimuli of small intensity. The 
only point of difference is that in extinctive inhibition it is the 
positive conditioned stimulus taken by itself which changes its 
positive significance to an inhibitory one, while in the case of con- 
ditioned inhibition the positive conditioned stimulus ‘becomes 
-involved in a new complex and changes its character in conjunction 
with an additional stimulus. 


LECTURE VI 
Internal inhibition (continued) : (c) Delay. 


We shall now consider the third type of internal inhibition, which 
has been termed inhibition of delay. It is obvious from the previous 
discussion that a considerable choice is allowed in the establishment 
of conditioned reflexes as regards the time interval between the 
beginning of the conditioned stimulus and the moment at which it 
is reinforced by the unconditioned reflex. This interval can be made 
very short, 1-5 seconds, or even a fraction of a second, provided that 
the beginning of the conditioned stimulus precedes the moment of 
application of the unconditioned stimulus. Alternatively, the length 
of time of the isolated action of the conditioned stimulus can be 
made comparatively long, extending over several minutes. The re- 
flexes which develop with these two different methods, t.e. with 
short and with prolonged duration of action of the conditioned 
stimulus, present great differences with respect to their general 
properties and their latent periods. These two types of reflex are 
designated respectively simultaneous—or to be more precise, almost 
simultaneous—reflexes, and delayed reflexes. The duration of the 
isolated action of the conditioned stimulus is of fundamental impor- 
tance, since, in the first place, it determines, as we shall see later, the 
eventual character of every conditioned reflex, and secondly, because 
it forms the basis of development of that type of inhibition which 
is the subject of our present lecture. 

In all conditioned reflexes in which the interval between the 
beginning of the conditioned stimulus and the moment of its rein- 
forcement is short, say 1-5 seconds, the salivary reaction almost 
immediately follows the beginning of the conditioned stimulus. 
On the other hand, in reflexes which have been established with a 
longer interval between the two stimuli the onset of the salivary 
response is delayed, and this delay is proportional to the length of 
the interval between the two stimuli and may even extend to several 
minutes. 

88 
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Delayed reflexes can be established in various ways. One way 
is to start by the preliminary establishment of an almost simultaneous 
reflex—i.e. one in which the conditioned response appears quickly, 
say 1-3 seconds after the beginning of the conditioned stimulus— 
and to develop the delay gradually. By retarding the moment of 
the application of the unconditioned stimulus about five seconds 
each day a corresponding and progressive delay is easily obtained, 
and we can stop finally at a convenient interval when the required 
length of delay has been reached. 

Another method of establishing a delayed reflex is to pass directly 
from an almost simultaneous reflex to one with a long delay, leaving 
out all intermediate stages. As a result of this modification in tech- 
nique the mode of formation of the delayed conditioned reflex is 
considerably altered. The reflex, however well established as a 
simultaneous reflex, disappears at first altogether—or, fo use an 
expression commonly employed by some of my collaborators, there 
follows a prolonged period of zeros. Eventually, however, some 
conditioned secretion of saliva does appear, but not until just before 
the moment when the unconditioned stimulus is usually applied. 
On continuing the experiments with the chosen interval of time the 
secretion progressively increases, and at the same time its commence- 
ment shifts further along towards the beginning of the conditioned 
stimulus and finally settles at a definite intermediate position 
between the commencement of the conditioned stimulus and its 
reinforcement. | 

In both the foregoing methods the experiments start with the 
establishment of simultaneous reflexes which are then changed 
either at once or by gradual stages into delayed reflexes. It has been 
found impracticable, in the great majority of animals, to develop a 
delayed reflex without first establishing the corresponding simul- 
taneous reflex, since, as will be described in a later lecture, the dogs 
under these conditions quickly become subjected to drowsiness and 
sleep so that the experimental formation of conditioned reflexes 
becomes difficult if not impossible. For this reason the method has 
received little attention in our investigations. 

The following example of a delayed reflex is taken from a paper 
by Dr. Zavadsky who carried out a considerable number of experi- 
ments upon internal inhibition of delay. The sound of a whistle is 
employed as a conditioned stimulus to acid ; the isolated action of 
the whistle is continued during an interval of 3 minutes and is then 
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reinforced by acid, the sound being continued for some time longer 
so as to overlap the action of the unconditioned stimulus. 





Salivary Secretion 
in drops during 
Time Conditioned | successive periods 
Stimulus of 30 seconds of the 
isolated action of 
the conditioncd 


stimulus 
3.12 p.m. | Whistle 0, 0, 2, 2, 4, 4 
3.25, 7 0, 0,4, 3, 6,6 
3.40 ” » 0, 0, 2, 2, 3, 6 


The rate of formation of a delayėd reflex is subject to great 
variation. In thefirst place, the individual character of the animal’s 
nervous system plays an important part. In some dogs the estab- 
lishment of the reflex is rapid, while in others the beginning of the 
salivary secretion persistently refuses to separate itself from the 
beginning of the conditioned stimulus, and the development of 
delay is very slow. In some animals an indication of a developing 
delay can be observed in the course of a single day and after only a 
few delayed reinforcements ; in others there is no indication of the 
conditioned delay even after a month of persistent work. In the type 
of dog in which the formation of delay is rapid, it is found that the 
delay frequently passes into sleep at an early stage of the isolated 
action of the conditioned stimulus. On this account it is necessary 
when carrying out a systematic investigation with dogs of this charac- 
ter to restrict the experiments to short-delayed reflexes, which 
means that we must be content with recording only the small 
secretion of saliva during the comparatively short time of isolated 
action of the conditioned stimulus as compared with the larger 
secretion accompanying a prolonged action of the stimulus. 

Another influence affecting the development of delay in the 
conditioned reflex response is the type of conditioned stimulus used, 
Tactile and thermal stimulation of the skin and visual stimuli lead 
to a quicker formation of delay than auditory stimuli, but other 
things being equal, tactile, thermal and visual stimuli give a smaller 
total conditioned effect.) These facts are illustrated in the following 
experiments by Dr. Iacovleva : 

Preliminary to the development of long-delayed reflexes three 
short-delayed conditioned alimentary reflexes were established by 
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repeating the isolated action of the stimuli during 30 seconds, 
followed by reinforcement. The stimuli corresponding to the three 
reflexes were the sound of a metronome, a tactile stimulus, and the 
flash of a lamp. 


Experiment of 9th April, 1924. 


Salivary Secretion 
Conditioned Latent in divisions of the 





Time Stimulus period graduated tube during 
applied during in the isolated action 
30 seconds seconds of the conditioned 
stimulus 
10.15 a.m. Lamp 3 30 All 
10.25 Tactile 2 30 > reflexes are 
10.385 ,, Metronome 2 53) reinforced. 


During the year which intervened between this experiment and 
the experiment of 24th April, 1925, which is given next, the three 
reflexes had been used repeatedly in other invéstigations and had 
heen. gradually converted into reflexes of longer delay. The isolated 
action of the conditioned stimulus had been first prolonged to one 
minute and then to two minutes, and each reflex had been reinforced 
an equal number of times. 





| Salivary Secretion 


Conditioned Latent in graduations of 
f g Stimulus period tube per 30 secs. 
‘Time applied for in during the isolated 
two minutes seconds action of the 
conditioned 
stimulus 
9.40 a.m. Metronome 1 40, 32, 30, 26 
9.48 ,, Tactile 36 0, 10, 20, 18 
10.10 ,, Flash 75 0, 0, 13,20 





In the cases of the tactile and visual stimuli the delay is more 
precise, the reflex response having more perfectly separated itself 
from the beginning of the conditioned stimulus and being more 
perfectly related to the time of administration of the unconditioned 
stimulus. 

_Another factor which exerts a great influence upon the develop~ 
ment tof a long-delayed reflex is the amount of practice which has 
been given to the reflex during the preliminary stage of short delay ; ; 
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a long practised short delay sometimes operates as a persistent 
obstacle to the development of a longer delay. 

Finally, I have evidence that the delay for a stimulus of one and 
the same character develops at a different rate according as the 
stimulus is continuous or intermittent. In the former case the 
development of delay is more rapid. 

It can be seen that the reflex response in the case of reflexes 
with a prolonged delay consists of two phases, an initial phase of 
inactivity and a subsequent phase of activity, and we must now 
inquire into the nature of these phases. Does this first and com- 
paratively long period of inactivity mean that the excitatory 
process is undergoing a progressive summation so that it can evoke 
an obvious activity when it has reached the necessary intensity ? 
Or is the excitatory process sufficiently strong from the beginning, 
but unable to produce any secretory effect because it is temporarily 
overcome by some antagonistic process ? 

The first possibility must be ruled out straightway on the evidence 
already given with regard to the formation of delayed reflexes, for 
seeing that in the case of a short delay the conditioned stimulus can 
evoke a conditioned reflex with great ease, there seems to be no 
reason why the same stimulus when more prolonged should require 
a greater period of summation. 

Any suggestion that this first phase of inactivity is caused through 
fatigue can also easily be eliminated. If, owing to the isolated action 
of the conditioned stimulus, fatigue did develop, we should expect 
a gradual diminution of the positive effect of the conditioned stimulus: 
this, however, is not observed. On the contrary, although the 
beginning of the secretion gets delayed, nevertheless the secretion 
increases progressively in amount when the delayed reflex is developed 
by the first method. With the second method, in which the isolated 
action of the conditioned stimulus is prolonged from the start, 
although the positive effect disappears at first altogether, it reappears 
after a while and then the secretion increases steadily until it settles 
at a constant maximum value. 

There remains now only the supposition that the initial phase of 
inactivity is due to the excitatory process being temporarily inhibited. 
That this is the correct interpretation is evidenced by the fact that 
the existence of an excitatory process in a concealed form during 
the period of delay can easily be demonstrated: if during the 
inactive phase of a delayed reflex we act upon the animal by some 
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extra stimulus which has not hitherto been associated in any way 
with an activity of the salivary glands, we shall immediately elicit 
a secretion of saliva which is frequently copious and which is always 
accompanied by the motor reaction peculiar to the conditioned 
stimulus which was used ; in other words, the conditioned reflex 
becomes revealed throughout the entire duration of the conditioned 
stimulus in a single positive phase instead of in two phases— 
negative and positive. The following are some experiments by Dr. 
Zavadsky bearing upon this question : 

Tactile stimulation of the skin is used as a conditioned stimulus 
for acid. The conditioned stimulus is allowed to act for a period of 
3 minutes and is then reinforced, being still continued so as to overlap 
the action of the acid. The sound of the metronome which is used in 
the following experiment has had hitherto no relation to any secretory 
reflexes and has of itself been unable to evoke any secretion of saliva. 





Salivary Secretion 


in drops per 
Time Stimulus 30 secs. during the 

isolated action of the 

conditioned stimulus 

9.50 a.m. Tactile 0,0,3, 7, 11,19 
10.3, Tactile 0,0,0, 5,11, 18 
10.15 ,, Tactile + metronome 4,7,7, 3, 5, 9 
10.30 ,, Tactile 0,0,0, 3, 12,14 
10.50 ,, Tactile 0, 0, 5, 10, 17, 19 





The next example is taken from a further experiment in which 
a noiselessly rotating object was used as an extra stimulus hitherto 
neutral with regard to its effect upon the salivary secretion. 


Salivary Secretion 


in drops per 
Time Stimulus 30 secs. during the 
isolated action of the 
conditioned stimulus 
11.46 a.m. Tactile 3,* 0,0,2,4, 5 
12.02 pm. | Tactile 0, 0,0,2,6, 9 
12.17 _,, Tactile 0, 0,0,2,7, 9 
12.30 ,, Rotating object + tactile 6, 4, 6,3, 7,15 
12.62 ,, Tactile 0, 0, 0, 3, 7, 15 





* At the 10th second from the beginning of the tactile stimulus the dog 
moved its leg, striking against a metal basin. 
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These experiments of Dr. Zavadsky are important as revealing 
a new and unexpected phenomenon. The established conditioned 
stimulus had no positive effect by itself during 1-14 minutes, 
but the neutral stimulus which was added to it for the first 
time immediately disclosed the regular positive conditioned re- 
flex. It is obvious that we have come across a fresh case of 
dis-inhibition. 

During the last three lectures considerable stress has been laid 
on the phenomenon of dis-inhibition and many examples have been 
given. I would plead as my excuse the great importance of an 
adequate conception of the rôle played by this phenomenon in the 
physiology of the hemispheres, although of course the study of the 
lower parts of the nervous system presents many instances of 
analogous phenomena. So far, however, as the interpretation of 
the intimate mechanism of dis-inhibition goes we are completely in 
the dark, and it can only be hoped that accumulation of experi- 
mental evidence may at some future date throw light on its 
nature. 

I wish now to call your attention again to the first of the two 
experiments just described. It can clearly be seen that the stimulus 
of the metronome when added to the tactile stimulus not only 
elicited a flow of saliva during the initial phase of inactivity, but also 
caused a considerable diminution in the salivary secretion during 
the active phase. While the tactile stimulus applied singly elicited 
a secretion during the second 14 minutes ranging from 29-46 drops, 
the addition of the metronome reduced this to 17 drops. There must, 
therefore, be a double effect on the part of the extra stimulus— 
dis-inhibitory in the initial phase, usually of inactivity; inhibitory 
in the succeeding phase, usually of activity. 

If different extra stimuli producing external inhibition are 
allowed to act upon delayed conditioned reflexes, various definite 
and regular modifications are observed in the course followed by 
the delay. The extra stimuli which were used in this connection for 
one experimental animal have been arranged in the following groups 
according to the influence they exerted upon delay : 

I. Thermal stimuli at 5°C. and at 44°C.; a weak odour of camphor. 

II. Thermal stimuli at 0-5°C. and at 50°C. 

II. Noiseiessly rotating objects ; the sound of a metronome ; 
tactile stimulation of the skin (the conditioned stimulus to the 
delayed reflex being in this animal a similar tactile stimulation of 


DELAYED REFLEXES 95 


a different place on the skin); a whistle of moderate strength ; the 
odour of amyl acetate. 

IV. Intense odour of camphor; loud whistle; sound of an 
electric buzzer. 

Extra stimuli belonging to the first group did not, in this dog, 
affect either phase of the delayed reflexes. Extra stimuli belonging 
to the second group exerted an effect only upon the initial phase of the 
reflex, causing a salivary secretion. Extra stimuli belonging to the 
third group disturbed both phases of delay: during the first phase 
a salivary secretion was produced, and during the second phase the 
secretion which should normally have been present was much dimin- 
ished. Extra stimuli belonging to the fourth group exercised little 
or no influence upon the initial phase of the delayed reflex, but 
completely suppressed the second phase. It may be added that 
when all due precautions were taken the experiments proceeded as 
a rule with striking precision. 

The following experiments serve to illustrate the grouping of 
extra stimuli given above : 

A tactile stimulation of the skin is used as a conditioned stimulus 
to acid in a delayed reflex. The conditioned stimulus acts continu- 
ously during three minutes before the administration of acid. The 
extra stimuli employed are: (1) a thermal cutaneous stimulus of 
44°C., (2) a thermal cutaneous stimulus of 0-5°C., (3) an odour of 
amyl acetate, (4) the sound of an electric buzzer. 








Salivary Secretion 
in dr 
Time Stimulus 30 secs. during the 
isolated action of the 
conditioned stimulus 


Experiment of 13th October, 1907. 


10.17 a.m. Tactile 
10.32 ,, Tactile 
10.45 , Tactile + thermal at 44°C. 
110 ,, Tactile 
11.12 , Tactile 


Experiment of 16th September, 1907. 
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Salivary Secretion 
in drops per 
Time Stimulus 30 secs. during the 
isolated action of the 
conditioned stimulus 


Experiment of 18th September, 1907. 


10.12 a.m. Tactile 0,0,2,7, 9,11 
10.25 ,, Tactile 0, 0, 1, 7, 11, 17 
10.43 ,, Tactile 0, 0, 0, 5, 8,11 
11.2 ,, Tactile +odour of amyl acetate 3,3,0,5, 5, 7 
11.16 ,, Tactile 0, 0, 2,4, 8,11 
Ezperiment of 13th September, 1907. 
3.30 p.m. Tactile 1, 0, 0, 8, 10, 12 
3.48 ,, Tactile + buzzer 0,0,0,0, 0, 0 
4.15 ,, Tactile 0,0,0,0, 2, 8 
4.35 ,, Tactile 0,0, 0,3, 5,10 


Absolutely identical results are obtained when the extra stimuli 
are allowed to act, not throughout the whole of the time of the isolated 
action of the conditioned stimulus, but only during either the first, 
inactive phase or the second, active phase. This is illustrated in the 
following experiments carried out on the same dog and under the 
same conditions as before. 





Secretion of Saliva 
in drops per 
Time Stimulus 30 secs. during the 
isolated action of the 
conditioned stimulus 


Experiment of 23rd July, 1907. 


9.33 a.m. Tactile 0, 0, 0, 3, 12, 12 

9.47 ,, Tactile 0,0,0,1, 9,10 
10.2 ~~, Tactile + whistleof medium strength 

during first 14 minutes 3, 2, 6,6, 8, 6 

10.15 ,, Tactile 0,0, 1,4, 7, 11 
Experiment of 18th August, 1907. 

9.35 a.m. Tactile 0, 0, 0, 3, 10, 13 

9.50 ,, Tactile 0,0,1,3, 8,14 
10.5 =, Tactile + whistleof medium strength 

during the second 14 minutes 0, 0,1, 3, 0, 7 

0,0,1,2, 7 


10.20 ,, Tactile 
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The extra stimulus of the whistle, which belongs to the third 
group of external inhibitors, when acting during the first phase of the 
delayed reflex brought about a secretion of saliva, but when acting 
during the second phase it diminished the secretion. A certain 
diminution of the secretion is sometimes observed during the second 
phase of the reflex in experiments where the extra stimulus is applied 
during the first phase. This must be due to the after-effect of the 
extra stimulus. i 

It now remains to interpret the empirical grouping of the extra 
stimuli, and to determine the reason of their different action upon 
the delayed reflexes. All the experimental evidence at our disposal 
indicates that the intensity of the effect which they produce depends 
on their relative physiological strength and the magnitude of the 
general reactions by which the animal responds to their independent 
action. The distribution of extra stimuli among the four groups 
represents a classification according to such physiological strength. 
In some cases this can be seen by a casual glance at the list itself, 
where different intensities of the same stimulus appear in different 
groups. 

The difference in the effects of these extra stimuli is also revealed 
by the motor reaction of the animal (investigatory reflex). With 
stimuli belonging to the first group there is frequently no motor 
reaction at all. As we pass on to stimuli belonging to the remaining 
groups the reactions become more and more vigorous and prolonged. 
Moreover, the inhibitory effect of all these extra stimuli, which 
belong, of course, to the group of external inhibitors, is clearly seen 
in relation to the second (usually active) phase of the delayed 
reflexes. The inhibitory effect becomes the more pronounced as we 
ascend from the first to the fourth group until with stimuli belonging 
to the latter group complete inhibition is obtained. It is thus obvious 
that the classification represents stimuli of progressively increasing 
physiological effect upon the organism, those in the first group 
exerting the least effect. 

In cases where an extra stimulus is allowed to act upon a delayed - 
conditioned reflex repeatedly, it is found that its inhibitory effect 
upon the second (usually active) phase progressively diminishes. 
This is a further proof that inhibition and dis-inhibition of delayed 
reflexes by extra stimuli is closely associated with external inhibition. 
Two experiments may be given which were performed on the dog 


employed for the last experiment : 
4.P. G 
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Salivary Secretion 
in drops per 
30 secs. during the 
isolated action of the 
conditioned stimulus 


Time Stimulus 


Experiment of 13th November, 1907. 


10.20 a.m. Tactile 0,0,0, 2, 8, 9 
10.35 ,, Tactile + whistle 0,0,1, 1, 1, 4 
10.47 ” ” ” l, l, l, 0, l, 2 
11.0 ” ” ” 2, 2, 3, 2, 2, 3 
11.15 , is ii 1, 2, 3, 10, 10, 11 
11.27 , e A 2, 2,2, 5, 2,12 


Experiment of 20th November, 1907. 


10.35 a.m. Tactile 0,0,0, 8,10, 11 
10.47 Tactile + metronome 3,2,1, 5, 6, 5 
11.0 ” ” ” l, l, 2, 3, 8, 9 
11.15 ,, 45 K 0,0,1, 2, 8,14 
11.80 ,, z a 0, 0, 2, 3, 12,12 


It can be seen from these two experiments how the inhibitory 
effect of the extra stimulus upon the active phase falls gradually 
with each repetition, the recovery of the delayed reflex being 
especially regular in the second experiment. 

All these experiments, which were carried out on one and the 
same animal, have been repeated with similar results on many other 
dogs. The only variation was in the distribution: of stimuli among 
the four groups, which differed slightly for the individual animals. 
This appears only reasonable when it is recalled that the intensity 
of the reactions of different animals in response to extraneous stimuli 
varies to a considerable and sometimes to an extreme degree, depending 
on the individual character of the nervous system and on the previous 
history of the animal. l 

Thus we come to the conclusion that variations in the effect of 
different extra stimuli upon the delayed reflex are determined by 
differences in the physiological strength of the stimuli. When the 
strength of the extra stimulus is insignificant the delayed reflex in 
either of its two phases remains unaffected. When the strength of 
the extra stimulus is somewhat increased it is only the initial 
(usually inactive) phase which becomes affected, being now converted 
into a phase of activity. With a greater strength of the extra stimulus 
the second (usually active) phase of the delayed reflex also becomes 
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involved, the secretion being considerably diminished in magnitude, 
so that it becomes equal to or even smaller than the secretion during 
the dis-inhibited first phase. Finally, with a maximal intensity of 
the extra stimulus all conditioned activity disappears, and the de- 
layed reflex is represented throughout both phases by a series of zeros. 

As a result of the different effects upon the two phases of the 
reflex brought about through external inhibition, two facts relating 
to the central nervous activities stand out clearly. The first is that 
the extraneous stimulus acting on the positive phase of the reflex 
inhibits, and acting on the negative phase dis-inhibits, in either 
case, therefore, reversing the nervous process prevailing at the time. 
The second is that the inhibitory process is more labile and more 
easily affected than the excitatory process, being influenced by 
stimuli of much weaker physiological strength. 

The following was a chance, but instructive, observation with 
regard to the second point. I meant to illustrate a series of public 
lectures on conditioned reflexes by demonstration of experiments. 
The lectures were given at a place remote from our laboratories so 
that the dogs had to be conveyed and set down in surroundings 
which were quite unfamiliar. All the five or six experiments with 
positive conditioned reflexes, in the first lecture, were carried out 
successfully. On the other hand, in the second lecture, the experi- 
ments with inhibitory reflexes, again five or six in number and 
attempted on the same animals as before, did not succeed, all the 
reflexes having undergone dis-inhibition. Thus the very same extra 
stimulus of the changed environmental conditions had not the 
slightest disturbing effect upon the positive conditioned reflexes, 
but exercised a profound influence upon the inhibitory conditioned 
reflexes, even though the effect of the extra stimulus was now 
weakened on account of repetition. These facts will be discussed 
more fully in a further lecture, in connection with other observations 
bearing on the interrelations between excitation and inhibition. 

Since the first phase of a delayed reflex, like experimental 
extinction and conditioned inhibition, involves an inhibitory process, 
we should expect to find between all three a close similarity. It has 
already been noticed in the cases of extinction and conditioned 
inhibition of a definitely positive conditioned reflex, that the inhibi- 
tion spreads spontaneously to other conditioned reflexes, and that the 
degree of this spreading is determined by the relative physiological 
intensity of the reflexes. It has further been observed that if the 
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reflexes involved secondarily are physiologically weaker than the 
reflex in which the inhibition was developed primarily, the accom- 
panying secondary inhibition of these other reflexes is complete ; 
but that if the reflexes involved secondarily are the stronger only a 
partial inhibition is obtained. In other words, the intensity of the 
primary inhibition is found to be exactly proportional to the intensity 
of the excitatory process on which it is based. This holds good also 
for inhibition of delay. An alteration in either direction of the 
strength of the conditioned stimulus causes a sharp disturbance in 
the established relation between the inhibitory and excitatory 
phases of the delay. The two following experiments on this point 
were conducted on the same animal as was employed in the preceding 
experiments : 





Salivary Secretion 
in drops per 
Time Stimulus 30 secs. during the 
isolated action of the 
conditioned stimulus 


Experiment of 25th October, 1907. 


10.4 a.m. Rhythmic tactile stimulation at 0,0,0,5, 8, 8 
the rate of 18-22 per minute 

10.17 _,, Rhythmic tactile stimulation at 1, 0, 3, 6, 10, 11 
the rate of 18-22 per minute 

10.30 ,, Same stimulus at the rate of 10 0,0,0,0, 3,10 
per minute 

10.45 ,, Same stimulus at the rate of 18-22 0,0,0,2, 9,17 
per minute ‘ 

11.0 ,„, Same stimulus at the rate of 18-22 0,0,0,0, 5,16 
per minute 


Experiment of 29th October, 1907. 


10.6 a.m. Rhythmic tactile stimulation 18-22 0,0,0,0, 0, 3 
per minute 

10.19 ,, Rhythmic tactile stimulation 18-22 0, 0,0,0, 2,11 
per minute 

10.38 ,, Same stimulus at the rate of 38-40 0, 0, 0, 6, 13, 14 
. per minute 

10.51 , Same stimulus at the rate of 18-22 0,0,0,0, 0, 7 
per minute 

11.7 Same stimulus at the rate of 18-22 0,0,0,0, 5,16 
per minute 





The experiments show a more definite effect in the case of a 
diminution in the strength of the conditioned stimulus than in the 
case of an increase in strength, though both effects are evident. 


DELAYED REFLEXES 101 


Just as with extinction and conditioned inhibition, the intensity 
of the inhibition in delay also depends upon the strength of the 
unconditioned stimulus. This can easily be shown with conditioned 
alimentary stimuli, when the delayed reflex is tested in the dog after 
it had been fed at the usual time and again after a certain period of 
fast. The following experiment illustrates this point. A whistle of 
moderate strength is used as a conditioned alimentary stimulus 
in a conditioned reflex delayed by three minutes. 


Experiment of 13th December, 1907. 
Previously to the experiment the dog was fed at the usual time. 











Salivary Secretion 
in drops per 
Time Stimulus 30 secs. during the 
isolated action of the 
conditioned stimulus 


2.40 p.m. Whistle 0, 0, 0, 2 2, 6 
2.54 ,, » 0, 0, 0, 4 3, 6 
3.30 ” » 0, 0,0 r: Mg 0, 2, 5 


Experiment of 15th December, 1907. 
Conducted upon the same dog after two days deprivation of food. 


Salivary Secretion 
in drops per 


Time Stimulus 30 secs. during the 

° isolated action of the 

conditioned stimulus 
3.5 p.m. | Whistle 0, 2, 2, 4, 4, 6 
3.20 ,, j 2, 5, 3, 3,4,6 
3.40 , ” 1, 6, 4, 3, 5,5 





Experiments of this kind show that when the physiological 
significance of the conditioned stimulus is increased through de- 
privation of food, the inactive or inhibitory phase of the delay 
almost entirely disappears. 

Summation of intensity of the inhibitory after-effect can be 
observed with inhibition of delay exactly as with extinction and 
conditioned inhibition. This is clearly evidenced by an experiment 
such as the following : 

A tactile stimulation of the skin serves as a conditioned stimulus 
in a delayed reflex, the isolated action of this stimulus being 
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continued during three minutes before the application of the uncon- 
ditioned. 





Salivary Secretion 
in drops per 
Time Stimulus 30 secs. during the Remarks 
isolated action of 
eonditioned stimulus 


10.21 a.m. Tactile stimu- 

lation dur- 

ing 4 minutes | 0,0,0, 0, 3,10 
10.35 ,, Tactile stimu- 

lation dur- 

ing 4 minutes | 0,0, 0, 10, 18, 21 
10.50 ,, Tactile stimu- 

lation dur- 

ing 4 minutes 0,0,0, 8, 17, 23 


115 _,, Tactile stimu- z 


Reinforced with 
acid at the end 
of the 3rd min- 
ute of isolated 
action of the 
conditioned 
stimulus. 


lation dur- 

ing only 14 

minutes 0,0,2, 2, 0, 0 
11.10 ,, Tactile stimu- 

lation dur- 

ing only 14 

minutes 0,0,1, 0, 0, 0 
11.15 ,, Tactile stimu- 

rt dur- 

ing only 1 

mnie i 0,0,0, 0, 0, O 
11.21 ,, Tactile stimu- 


Not reinforced. 


Reinforced with 


11.55 ,, Tactile stimu- 

lation dur- 

ing only 14 

minutes 0,0,0, 0, 0, O 
12 noon Tactile stimu- 

lation dur- 

ing 4 minutes | 0,0,0, 0, 0, 0, 


y 
lation dur- acid at the end 
ing 4 minutes | 0,0,0, 1, 3, 5 of the 3rd min- 
11.33 ,, Tactile stimu- ute of isolated 
lation dur- action of the 
ing 4 minutes | 0,0,1, 5, 9,17 conditioned 
stimulus. 
11.45 , Tactile stimu- 
lation dur- 
ing only 14 
minutes 0,00 0, 0, 0 
11.50 , Tactile stimu- 
lation dur- 
ing only 1} 
minutes 0,0,0, 0, 0, O | \Not reinforced. 
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The tactile stimulus which normally produced inhibition during 
the first 14 minutes of its isolated action, when abbreviated so as 
not to act during the second 1} minutes associated with the excitatory 
phase of the reflex, led to such a strengthening of the inhibition that 
on its subsequent application for the full three minutes the positive 
phase of the reflex was either greatly reduced (11.21 a.m.) or else 
abolished altogether (12 noon). 

It remains now to seek an interpretation of the fact that in the 
case of a delayed reflex, the same stimulus has at first an inhibitory, 
and later an excitatory, effect. What factor determines these two 
distinct properties of one and the same stimulus acting under ap- 
parently identical conditions ? We shall find no difficulty in cor- 
relating this phenomenon with the experimental evidence already 
considered in these lectures. In the third and fifth lectures a number 
of agencies were discussed which can be given either excitatory or 
inhibitory conditioned properties. In particular the factor of 
duration of time was shown to act as a real physiological stimulus, 
and experiments were described in which definite time intervals 
appeared as effective stimuli. I should like especially to recall to 
your memory the experiment in which the compound stimulus 
consisted of an external stimulus related to a definite moment of 
time (p. 41). In this experiment the external stimulus was with- 
out any effect until applied in the neighbourhood of the particular 
moment after the previous administration of avid, but as this par- 
ticular moment*was approached the secretory effect made its 
appearance and gradually and precisely increased to a maximum. 
This is exactly the case with delayed reflexes also. In the experiments 
which have just been described in the present lecture the uncon- 
ditioned stimulus was added to the external stimulus only at the 
expiration of 3 minutes; in other words, the external stimulus 
itself plus its duration for three minutes together constitute the 
actual compound stimulus which was immediately reinforced, and 
it was this particular combination and not the nominal conditioned 
stimulus which acquired conditioned properties. The same nominal 
stimulus at any time previously to the end of the third minute acted 
as a component of a different stimulatory compound which remained 
unreinforced by the unconditioned reflex and therefore became 
inhibitory, exactly as would any other stimulus if it were not rein- 
forced. The same phenomenon has already been demonstrated in 
the case of conditioned inhibition, and illustrations even more 
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striking will be given in the next lecture, which is to deal with the 
fourth type of internal inhibition. 

In the case of delayed reflexes the significance of the duration of 
a stimulus can be observed in a very concrete and simple manner. 
When the external stimulus selected for the formation of a conditioned 
reflex is applied during a given interval of time, at each successive 
moment the stimulus forms part of a definite and distinct stimulatory 
compound. It is well known how soon we get accustomed to stimuli 
of smell, sound or illumination. This, of course, means that the 
nerve cells which are being excited pass through a series of successive 
physiological changes. In accordance with this it is obvious that 
if a definite unconditioned reflex is repeatedly evoked coincidently 
with any one particular physiological state of the cerebral cells, it 
is this definite state and no other that acquires a definite con- 
_ditioned significance. In the next lecture it will be shown to how 
great an extent the discrimination of different intensities of one 
and the same stimulus can proceed, and how the stimulus evokes 
at one particular intensity a positive and at another intensity 
an inhibitory conditioned reflex. We are thus fortunately provided 
with a great deal of perfectly good experimental evidence which 
throws light on the phenomenon of internal inhibition involved 
in delay. 

The possibility of the development of a delay has always to be 
reckoned with in studying conditioned reflexes. We know that in 
order to determine the intensity of excitation in a simultaneous or 
a short-delayed conditioned reflex in its numerous and subtle 
variations under different conditions, it is necessary to apply the 
appropriate conditioned stimulus singly for a longer or a shorter 
period of time, combining its action with that of the unconditioned 
stimulus at the end of this interval. Only in this manner can we 
get a measurable reflex response. This procedure, even though 
rarely performed, tends to the development of a more or less prolonged 
delay, so that along with the excitatory process there originates 
also an inhibitory one. The investigation thus naturally becomes 
complicated, for it is now necessary to deal with two simultaneous 
and antagonistic processes. For example, it is not easy by our usual 
methods to obtain the true latent period of conditioned reflexes, 
since what has often been referred to in our description of experi- 
ments as the “latent period ” represented in actual fact a delay— 
t.e. the interposition of an inhibitory period, which could appro- 
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priately be termed the “ preliminary inhibitory period,” but which 
is certainly not the true latent period of the reflex. 

In order to determine the true latent period of conditioned 
reflexes it is necessary to use reflexes which are as nearly as possible 
simultaneous, the unconditioned stimulus succeeding rapidly on the 
conditioned after an interval of a fraction of a second. It is only by 
using such reflexes, and then chiefly their motor components, that 
convincing experimental evidence can be obtained showing that 
the length of the true latent period of a conditioned reflex is really 
of the same order as is the true latent period of reflexes in the lower 
centres of the brain and spinal cord. Such determinations have 
only recently been introduced into our investigations, as we did not 
consider the determination of the true latent period of conditioned 
reflexes to be of fundamental importance for establishing their 
nature as reflex. The regularity and infallibility with which these 
reflexes could be evoked constituted in our opinion the main evidence 
for their reflex nature, and in this connection differences in the period 
of latency did not seem of much importance since the latent period 
of lower reflexes also is known to be subject to fairly wide variations 
depending on the complexity of the central paths and connections 
involved in the reflex. It may justly be admitted, however, and with- 
out prejudice to our conception of the reflex nature of conditioned 
reflexes, that the nervous connections are of greater complexity in 
those reflexes which involve the cerebral cortex. 

The elucidation of many other problems concerning conditioned 
reflexes, such, for instance, as that of the actual course of the ex- 
citatory process from the moment of its origination, is also rendered 
difficult by interference from delay. In this respect individual 
differences in the character of the nervous system may be very 
helpful. For example, it was shown above that in some animals 
the delay is developed with difficulty, and that the excitatory process 
is only slightly, or often not at all, disturbed. The experimenter, in 
order to diminish the influence of delay, can also take the precaution 
to abbreviate the isolated action of the conditioned stimulus to the 
minimum compatible with obtaining a secretion of sufficient magni- 
tude to allow of comparison in different variations of the experiment. 
On the other hand, there are some problems in the elucidation of 
which the initial process of inhibition may be turned to advantage, 
as will be shown in the next lecture. It can clearly be seen how, 
when inquiring into the properties of conditioned reflexes, the 


106 “CONDITIONED REFLEXES 


experimenter has to adapt his methods to the character of the 
animal at his disposal. 

The experimental evidence with which we have been dealing in 
the last three lectures demonstrates the enormous biological impor- 
tance of internal inhibition of conditioned reflexes. It is by means 
of internal inhibition that the signalizing activity of the hemispheres 
is constantly corrected and perfected. To sum up: 

If over a given time a signalling, 7.e. a conditioned, stimulus is 
repeatedly presented without the accompaniment of the uncon- 
ditioned stimulus, then the conditioned stimulus becomes meaning- 
less to the organism as calling for an unnecessary expenditure of 
energy, and the stimulus loses, though generally for only a short 
time, its physiological significance (experimental extinction). 

In exactly the same manner, if a conditioned stimulus is repeatedly 
applied together with another extraneous stimulus and in the com- 
bination is never followed by the unconditioned stimulus, the 
conditioned stimulus loses its positive excitatory conditioned effect, 
but only in that particular combination and not when applied singly 
(conditioned inhibition). 

Finally, if a regular interval of sufficient duration is established 
between the commencement of a conditioned stimulus and its 
reinforcement by the unconditioned stimulus, the former becomes 
ineffective during the first part of its isolated action ; during the 
second part of its action a positive excitatory effect appears, and 
this increases progressively in intensity as the moment approaches 
when the unconditioned stimulus has customarily been applied 
(inhibition of delay). 

In the above manner a continuous and most exact adaptation 
of the organism to its environment is effected, revealing a most 
delicate adjustment in the antagonistic nervous processes of the 
higher animals. 

As has been clearly demonstrated in the last three lectures the 
phenomena of extinction, conditioned inhibition and delay all repre- 
sent the formation of inhibitory conditioned reflexes. Inhibitory con- 
ditioned reflexes can, however, also be obtained by a totally different 
procedure. If an inhibitory stimulus is applied simultaneously and 
repeatedly for short periods of time together with some neutral 
stimulus the latter also develops an inhibitory function of its own. 

This subject has been specially examined by Dr. Volborth, who 
started by rendering the extraneous stimuli absolutely neutral, 
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presenting them repeatedly to the animal until they ceased to 
produce any inhibition of the positive conditioned reflexes or any 
dis-inhibition of the inhibitory reflexes. He then repeatedly allowed 
these neutral stimuli to act during short intervals of time either with 
conditioned reflexes which had just been experimentally extinguished 
or with the inhibitory combination in a conditioned inhibition. 
After repeating this procedure several times he tested the action 
of these hitherto neutral stimuli upon positive conditioned reflexes, 
and in this nanner successfully demonstrated that they had acquired 
definite inhibitory propertics. 

Since in order to become sure of the results these tests had to be 
repeated several times, Dr. Volborth in one group of experiments 
accompanied only every alternate test by the unconditioned stimulus. 
This strict alternation of reinforcement with non-reinforcement was 
adopted in order to prevent the combination of the positive stimulus 
with the new and hitherto neutral stimulus from acquiring a pre- 
dominance of positive or negative properties in itself. But most 
convincing of all was another form of the experiment in which the 
test was always accompanied by the unconditioned stimulus. In 
spite of repeated tests of this kind the recently acquired inhibitory 
properties of the hitherto neutral stimuli were still prominently 
exhibited. The following are some of Dr. Volborth’s experiments, 
in which a “ natural ” alimentary stimulus was employed. 

The alimentary conditioned stimulus after extinction was 
repeatedly applied in conjunction with the sound of a metronome 
which had previously been rendered entirely neutral. After this 
procedure had been continued for some time a combination of the 
action of the metronome with a positive and non-extinguished 
alimentary reflex was occasionally tested, and this combination was 
always reinforced by the unconditioned reflex 


Experiment of 5th December, 1911, after ten applications of the 
metronome with the extinguished conditioned reflex. 








Salivary 
Time Stimulus applied Secretion in 
during 30 secs. drops during 
30 seconds 
12.54 p.m. Meat powder at a distance 7 


18 , Meat powder at a distance 
+ metronome 2 
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Experiment of 1st December, 1911, after 19 applications of the 
metronome with the extinguished conditioned reflex. 


Saliva 








: i s applied Secretion i 
Time aioe 30 secs, drops during 
30 seconds 

11.30 a.m. Meat powder at a distance 7 
11.47 ,„, Meat powder at a distance 

+ metronome 1 
11.57 , Meat powder at a distance 3 
12.7 p.m. Meat powder at a distance 8 


Experiment of 18th December, 1911, after 26 applications of the 
metronome with the extinguished conditioned reflex. 





1 


Salivary 

Time. Stimulus applied Secretion in 

during 30 sec. drops during 

30 seconds. 
10.35 a.m. Meat powder at a distance 9 

10.47 ,, Meat powder at a distance 

+metronome 1 
11.0 ,, Meat powder at a distance 12 


It is obvious that the sound of the metronome which was 
formerly entirely neutral has acquired inhibitory: properties as a 
result of repeated applications with the extinguished conditioned 
reflex. 

This new inhibitory stimulus of the second order proves itself in 
every respect similar in properties to those inhibitory stimuli which 
have been considered already in connection with experimental 
extinction, conditioned inhibition and delay. For example, a new 
inhibitory stimulus of the second order which is developed with the 
help of one definite conditioned reflex can exert an inhibitory effect 
upon other conditioned reflexes as well. This is shown in the follow- 
ing experiment of 15th March, 1911, in which a different dog is 
employed. 

The sound of a metronome was made always to coincide with an 
extinguished “ natural” conditioned. alimentary reflex; subse- 
quently the effect of the metronome was tested upon an artificial 
alimentary conditioned reflex to odour of camphor. 
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Salivary 
t 
Timo “during 30 coos ne 
during 
30 secs. 
3.8 p.m. Camphor 5 
321 ,, Camphor 4 
3.40 ,, Camphor + metronome t 
3.55 ,, Camphor I 
4.18 ,, Camphor 5 


It can be seen also in the above experiment that the effect of the 
conditioned inhibitory stimulus of the second order is not limited 
to the time of its actual administration, but reveals itself also in a 
definite inhibitory after-effect which is subject to summation. 
Furthermore, conditioned inhibitory stimuli of the second order are, 
equally with the primary ones, subject to dis-inhibition by agencies 
belonging to the group of external inhibitors. We thus come to the 
following conclusion: when perfectly neutral stimuli fall upon the 
hemispheres at a time when there prevails a state of inhibition they 
acquire an inhibitory function of their own, so that when they act 
subsequently upon any region of the brain which is in a state of 
excitation they produce inhibition. 

A point to which further reference will be made should be men- 
tioned here, namely, that every extraneous stimulus which falls upon 
the hemispheres and remains without any further consequence to 
the animal, if repeated causes the spontaneous development of a 
cortical inhibition. ‘Therefore, in the type of experiments just 
described, it is always necessary to ascertain the extent to which 
the acquisition of inhibitory properties by hitherto neutral stimuli 
depends on their simultaneous application with inhibitory stimuli, 
and to what extent these inhibitory properties have developed 
independently. 


LECTURE VII 


The analysing and synthesizing activity of the cerebral hemispheres: (a) The 
initial generalization of conditioned stimuli. (b) Differential inhibition. 


SrmoLI which evoke conditioned reflexes are perpetually acting as 
signals of those agencies in the environment which are in themselves 
immediately’ favourable or immediately destructive for the organism. 
Such signals are drawn sometimes from only one elementary pro- 
perty of the environing agencies, sometimes from a whole complex 
of these properties. This is possible only because the nervous system 
possesses on the one hand a definite analysing mechanism, by means 
of which it selects out of the whole complexity of the environment 
those units which are of significance, and, on the other hand, a syn- 
thesizing mechanism by means of which individual units can be 
integrated into an excitatory complex. Thus in studying the nervous 
activity of the cerebral cortex it is necessary to deal with two further 
and distinct phenomena, one involving a neuro-analysis and the 
other involving a neuro-synthesis. The analysing and synthesizing 
functions of the nervous system constantly ia themselves 
upon and interact with one another. 

Every type of nervous system presents a more or less complex 
analysing apparatus which readily admits of subdivision into what 
we may term the nervous analysers. For example, the visual analyser 
selects the vibrations of light, the acoustic analyser selects the 
vibrations of sound, and soon. Furthermore, each analyser differen- 
tiates its own selective medium of the environment into a very large 
number of elementary physiological stimuli. With regard to the 
structure of the analysers, each includes, on the one hand, the peri- 
pheral receptor with all its afferent nerves, and, on the other hand, 
the nerve cells which lie at the central termination of the nerve 
fibres. The peripheral receptors can be regarded as ‘‘ transformers,” 
which, in the case of any single analyser, are capable of accepting 
only one definite form of energy as an adequate stimulus for the 
initiation of a nerve impulse. It is obvious that both the peripheral 
receptors and the central nervous elements are involved in the 
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analysing function of the nervous system. Inferior analysing qualities 
are of course manifested by lower parts of the nervous system, and 
even by the crudely differentiated nervous substance in those 
animals which lack a nervous system proper. An organism deprived 
of its cerebral hemispheres still responds in a great variety of ways 
to stimuli applied to its receptor surfaces, according to the site of 
application, the intensity and the quality of the stimuli. However, 
the highest and most subtle analysing activity of which an animal 
is capable can be obtained only with the help of the cerebral 
cortex. Itis evident also that only with the progressive development 
of the analysing activity of the nervous system is the organism 
enabled to multiply the complexity of its contacts with the external 
world and to achieve a more and more varied and exact adaptation 
to external conditions. In contemporary research the study of the 
analysing function forms a very important section of the so-called 
physiology of the sense organs. This section has reached a very 
high state of development in the hands of some of the greatest 
physiologists, especially Helmholtz, and presents an abundant 
wealth of data concerning the activities of the peripheral structures 
of the different analysers and of their cerebral terminations. A good 
deal is known also about the limits of the analysing functions in man. 
But while the study of the physiology of the special sense organs 
suggests explanations of many complicated cases of the analysing 
function, and enunciates many fundamental laws to which this 
activity conforms, the greater part of the material which has been 
gathered is of a subjective character, being based on our psychical 
apperceptions which are the most elementary subjective indications 
of the objective correlations between organism and environment. 
This fact constitutes the greatest defect of this section of physiology, 
since it excludes the study of the analysing function in animals 
outside man, and therewith all the advantages of animal experi- 
mentation. The method of conditioned reflexes, however, gives 
over the study of the whole of this most important function of 
nervous analysis into the hands of the purely experimental physiol- 
ogist. With the help of conditioned reflexes the scope and limits of 
the analysing functions in different animals can be exactly deter- 
mined, and the laws regulating this function made clear. Although 
the study of the physiology of analysers has been as yet but little 
developed, research upon the new lines is making rapid progress 
and may be expected to add largely to our knowledge of the 
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mechanism by which the exact correspondence between the organism 
and its environment is maintained. 

The first step was to find a method by which the activities of the 
analysers could be objectively studied in animals by means of 
visible outward reactions. As was mentioned before, even insignificant 
changes in the external environment call forth if not a special inborn 
or acquired reflex activity, then a reaction of orientation (the' 
“investigatory reflex’). It is obvious that the investigatory reflex 
can be used to determine the degree to which the nervous system 
of a given animal is capable of discriminating between various 
stimuli. If, for example, among the different environing agencies 
there is present a definite musical tone, any, even slight, alteration 
of its pitch will suffice to evoke an investigatory reflex in the form 
of a definite orientation of the ears and maybe of the whole body of 
the animal in relation to the tone. The same is true even of slight 
changes in various other elementary or compound stimuli. The 
investigatory reflex, of course, takes place only provided that the 
structure of the analysing apparatus is sufficiently delicate to register 
the change in the environment. This reflex can be used for the 
purpose of our investigation by itself, or, much better, through its 
inhibito~y or dis-inhibitory effects upon conditioned reflexes, since 
these are the most delicate nervous reactions of which the animal is 
capable. Howeyer in spite of the high degree of sensitivity mani- 
fested by the investigatory reflex this reaction is in many respects 
unsuitable as a basis for the study of the analysing activity of the 
nervous system. One of its chief defects is that in the case of 
certain weak stimuli the reaction is only transient and cannot be 
repeated, and it is therefore useless for the purpose of exact experi- 
mentation. The detailed investigation of a conditioned reflex reaction, 
on the contrary, provides an eminently suitable method for an 
exact experimental research into the analysing function. A definite 
external agent is made, for example, to acquire by our usual technique 
the properties of a definite conditioned stimulus. By repeated 
reinforcement this particular stimulus is strengthened in its new 
properties, while the stimulus nearest to it in intensity, position or 
quality is always contrasted by being left without reinforcement, 
with the result that it becomes readily and exactly differentiated 
from the established positive conditioned stimulus. 

The successful development of lysis of external agencies by 
means of conditioned reflexes is Meas preceded by what we call a 
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“period of generalization” (which may possibly be regarded as 
some form of synthesizing activity). 

For instance, if a tone of 1000 d.v. is established as a conditioned 
stimulus, many other tones spontaneously acquire similar properties, 
such properties diminishing proportionally to the intervals of these 
tones from the one of 1000 d.v. Similarly, if a tactile stimulation 
of a definite circumscribed area of skin is made into a conditioned 
stimulus, tactile stimulation of other skin areas will also elicit some 
conditioned reaction, the effect diminishing with increasing distance 
of these areas from the one for which the conditioned reflex was 
originally established. The same is observed with stimulation of 
other receptor organs. This spontaneous development of accessory 
reflexes, or, as we have termed it, generalization of stimuli, can be 
interpreted from a biological point of view by reference to the fact 
that natural stimuli are in most cases not rigidly constant but range 
around a particular strength and quality of stimulus in a common 
group. For example, the hostile sound of any beast of prey serves 
as a conditioned stimulus to a defence reflex in the animals which 
it hunts. The defence reflex is brought about independently of 
variations in pitch, strength and timbre of the sound produced by 
the animal according to its distance, the tension of its vocal cords 
and similar factors. 

Besides this we have encountered in conditioned reflexes another 
form of generalization, the vital importance of which is not so im- 
mediately apparent. So far we have been dealing with a temporary 
form of generalization within a single analyser in the case of simul- 
taneous and delayed reflexes. In the case of conditioned long-trace 
reflexes, with a pause of 1-3 minutes, the generalization becomes 
permanent and of a wider scope. ‘Trace reflexes, like all delayed 
reflexes, present two phases—an initial, inactive phase based on 
internal inhibition, and a second, active phase based on nervous 
excitation. All that has been said about the effect of extra stimuli 
upon these two phases in the case of delayed reflexes is true also for 
the two phases in trace reflexes. The trace reflexes, however, have 
another characteristic of their own, namely, that they exhibit a 
permanent and universal generalization, involving all the analysers. 
For example, if we establish a long-trace conditioned reflex to a 
tactile cutaneous stimulus, it is found that stimuli which belong to 
other analysers and which have never been connected with the given 
reflex begin to act as conditioned stimuli to the same trace reflex. 
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We shall deal with this phenomenon at some length, since the 
investigation presents some special points of interest. 

The following experiments bearing upon this question are taken 
from a research by Dr. Grossman : 

A tactile stimulation of the skin is used as the conditioned stimulus 
for a long-trace reflex to acid, the interval between the end of the 
conditioned stimulus and the beginning of the unconditioned being 
one minute. The experiments show the effect of a thermal stimulus at 
0°C. and of a given musical tone, both applied for the very first time. 


Salivary Secretion 
in drops during 
Time Stimulus applied successive minutes Remarks 
during one minute from the beginnin 
of the condition: 
stimulus 


Experiment of 6th February, 1909. 


‘ Reinforced by in- 
11.39 a.m. Tactile 0, 3 : 
1155 „ | Tactile 0,7 } eee 
12.6 pm. | Thermal ato°C. | 1,4,7,7 Not ratore: by 
12.22 , Tactile 0,4 Reinforced. 


Experiment of Tth February, 1909. 


: Reinforced by in- 
2.36 p.m. Tactile 0,9 : 
245 ,, | Tactile 0,15 | ea a 
2.54 ,, Tone 0, 3, 4, 6, 2,0 Not reinforced. 
32 ,„ Tactile 0,0 Reinforced by in- 
3.10 ,, Tactile 0,1 troduction of 
3.22 ,, Tactile 0,6 acid. 





It is thus seen that stimuli which had previously never been 
connected with the reflex to acid have now acquired the property 
to excite this reflex. Furthermore, the stimuli, although applied for 
the very first time, act in the same manner as the stimulus used to 
establish the trace reflex, their effect being manifested not at the 
time of their application, but chiefly or exclusively after they have 
been discontinued. This similarity made us inclined to regard them 
as being due to a generalization of the original trace reflex. Of course, 
the evidence from a few isolated experiments of this type was not 
sufficiently strong to establish this conclusion beyond doubt, and 
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in view of the intrinsic interest of this phenomenon it was subjected 
to rigid investigation. 

On the experimental evidence available concerning conditioned 
reflexes only two further possible explanations of this phenomenon 
suggested themselves. In the first place a long-trace reflex is always 
formed slowly and with difficulty, and it was observed in our earlier 
experiments that before the formation of the trace reflex other 
conditioned reflexes were very easily established to any chance 
stimuli which happened to coincide with the actual administration 
of the unconditioned stimulus and of which the experimenter himself 
was often the cause. In the case we are speaking of at present the 
danger of interference by extraneous stimuli was therefore con- 
siderable, and these experiments had to be repeated in our new 
laboratory so as to make sure that any possible accidental influence 
of the experimenter upon the animal was excluded. Under these 
conditions the generalized character of the long-trace reflex was 
still found to persist. 

The second explanation which suggested itself was as follows: 
When conditioned reflexes are being established in dogs for the first 
time, it is found that the whole experimental environment, beginning 
with the introduction of the animal into the experimental room, 
acquires at first conditioned properties. This initial reflex could be 
called, therefore, a conditioned reflex to the environment. But later 
on, when the special reflex to a single definite and constant stimulus 
has appeared, all the other elements of the environment gradually 
lose their special conditioned significance, most probably on account 
of a gradual development of internal inhibition. However, tais 
inhibition is at first very easily dis-inhibited by any extra stimulis. 
The following is a striking example of such a case which was very 
common, when, as formerly, the experimenter remained in the room 
with the dog. The reflex to environment had in the given experi- 
ments just come to an end, the glands being now in a resting state 
except when the special positive conditioned stimulus was applied. 
As soon, however, as I myself entered the room, in order for the first 
time to watch the experiments, a copious secretion of saliva was 
produced by the dog, which persisted as long as I remained in the 
room. I myself presented in this case the extra stimulus dis- 
inhibiting the reflex to environment which had only just recently 
undergone extinction. Now it occurred to us that the phenomenon 
of the universal generalization of the long-trace reflexes might 
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really be nothing but a dis-inhibition of the reflex to environment. 
However, after a thorough examination, this explanation had to be 
discarded. In the first place, a considcrable generalization of long- 
trace reflexes could easily be observed even in dogs in which the 
reflex to environment had been deeply inhibited so long ago that it 
was now almost impossible to dis-inhibit it. In the second place, 
the supposition of dis-inhibition when followed up necessitated a 
further assumption which was easily disproved. It has been seen 
already that dis-inhibition of the inactive phase in delay was obtained 
immediately on application of the extra stimulus, i.e. without any 
such latent period as is observed for trace reflexes. If the generalized 
character of trace reflexes was in reality nothing but dis-inhibition, 
we should expect all the different stimuli also to act immediately, 
but as we have seen they act only after their termination and after 
about the same latent period as the initially established trace reflex. 
If it is still assumed that the effect is due to dis-inhibition of the 
reflex to environment, then in the case of trace reflexes all the different 
stimuli must act for some reason as very powerful extra stimuli which 
do not dis-inhibit the refiex to environment, but temporarily abolish 
all conditioned activity by producing a very powerful inhibition (as 
is also the case with very powerful extra stimuli in delay), and the 
ensuing dis-inhibition must be brought about by their traces which 
represent weaker stimuli. This assumption, however, is contradicted 
by the following facts. It is known that repeated application of the 
same powerful extra stimulus is followed by a. gradual diminution 
of its inhibitory effect, which gives place, as was seen with delay, to 
dis-inhibition. But in the case of the generalized stimuli in long- 
trace reflexes the latent period does not diminish in spite of repeated 
applications. This shows that the reflex activity is due to a genuine 
generalization of the trace reflex and not to dis-inhibition. Finally, 
there is this striking fact, that in the case of trace reflexes following 
the application of various stimuli, which of course are never reinforced, 
the effect of the special conditioned stimulus to which the trace reflex 
was experimentally established also becomes temporarily diminished, 
and the secretion may fall to zero, a fact which cannot be reconciled 
with any supposition that we are dealing with a dis-inhibition of the 
reflex to environment. Indeed, there is no doubt that this weakening 
of the effect of the special conditioned stimulus represents a simple 
instance of extinction, as the result of non-reinforcement, of a reflex 
which has become generalized within the hemispheres. 
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Thus itis seen that in the course of the establishment of simultaneous 
and delayed reflexes a temporary generalization develops in the form 
of a number of accessory conditioned reficxes to associated stimuli. 
Generalization of the reflexes can be effected also through the 
whole environment acting on the organism by the sum total of its 
individual units and leading to the formation of what we may call 
a synthetic environmental reflex. In other cases, namely, in long- 
trace reflexes, it is effected in virtue of the intrinsic properties of the 
nervous system itself, which give a more or less generalized character 
to the individual external stimuli in their capacity as conditioned 
stimuli. In many instances, some of which we have referred to above, 
it is obvious that this fact of generalization of stimuli has a definite 
importance in the natural correlation between the animal and its 
environment, but in other cases the generalization can have only a 
limited or temporary significance. In the latter casestheapproximate, 
general, and under some conditions useful connection with the en- 
vironment as a whole is replaced by a precise and definitely specialized 
connection with a definite stimulatory unit. 

The question can now be discussed as to how the specialization 
of the conditioned reflex, or, in other words, the discrimination of 
external agencies, arises. Formerly we were inclined to think that 
this effect could be obtained by two different methods: the first 
method consisted in repeating the definite conditioned stimulus a 
great number of times always accompanied by reinforcement, and 
the second method? consisted in contrasting the single definite 
conditioned stimulus, which was always accompanied by reinforce- 
ment, with different neighbouring stimuli which were never reinforced. 
At present, however, we are more inclined to regard this second 
method as more probably the only efficacious one, since it was ob- 
served that no absolute differentiation was ever obtained by the 
use of the first method, even though the stimulus was repeated with 
reinforcement over a thousand times. On the other hand, it was 
found that contrast by even a single unreinforced application of an 
allied stimulus, or by a number of single unreinforced applications 
of different members of a series of allied stimuli at infrequent intervals 
of days or weeks, led to a rapid development of differentiation. 
The method of contrast is now always employed in our experiments, 
as leading to a differentiation of external agencies in an incomparably 
quicker time. 

We can now follow out the development of differentiation between 
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external stimuli in the conditioned reflexes in greater detail. In 
the first place an interesting observation which remained for a long 
time without explanation may be considercd: It was noticed that 
when, after a conditioned reflex to a definite stimulus (e.g. a definite 
musical tone) had been firmly established, the effect of another 
closely allied stimulus (a neighbouring musical tone) was tried for 
the first time, the conditioned reflex which resulted from the new 
stimulus was frequently much weaker than that obtained with the 
original conditioned stimulus. On repetition of the stimulus of 
the neighbouring tone, always, of course, without reinforcement, the 
secretory effect increased until it became equal to that given by the 
originally established stimulus, but subsequently on further repetition 
began to diminish, falling finally to a permanent zero. Thus it 
appeared that at first the two closely allied stimuli were discriminated 
straight away, but that later this discrimination for some reason 
disappeared, only gradually to re-establish itself and finally to become 
absolute. To provide an explanation of this phenomenon we can 
revert to an interpretation which was advanced previously for similar 
events occurring in the process of development of conditioned 
inhibition. It will be remembered that when, in the formation of 
conditioned inhibition, a conditioned stimulus was accompanied for 
the first time by the new stimulus which later acquired the properties 
of a conditioned inhibitor, the combination produced either a very 
small positive effect or else remained totally ineffective. Later, 
although the inhibitory combination was never reinforced by the 
unconditioned stimulus, it produced again a reflex of full strength, 
which, however, after further repetitions gradually fell to a permanent 
zero. The explanation given in the case of conditioned inhibition, 
and fully borne out by experimental evidence, was that the additional 
stimulus elicited on its first application an investigatory reflex which 
immediately produced an external inhibition of the conditioned 
reflex ; on repetition the strength of the investigatory reflex rapidly 
diminished and the positive effect of the conditioned stimulus was 
temporarily restored, being later gradually suppressed by the de- 
velopment of internal inhibition. Similarly, in the case of differen- 
tiation it is possible to regard stimuli neighbouring on the definite 
positive conditioned stimulus as bearing two aspects, one of similarity 
to, and the other of difference from, the positive conditioned 
stimulus. On account of the element which is in common, these 
neighbouring stimuli can act similarly to the positive conditioned 
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one; it is the presence of the second -factor, of difference, which 
determines a temporary investigatory reflex, bringing about external 
inhibition of the excitatory effect, but later serving as foundation 
for the development of a permanent and final differentiation of 
allied stimuli. 





Salivary 
Secretion 
recorded 


b 
Time Stimulus applied during 30 secs. divisons Remarks 
of scale 
(Sdiv.=0-1 
c.c.) during; 
30 secs. 








Experiment of 15th February, 1917. 


3.13 p.m. Object rotating clockwise 27 Reinforced. 

3.25 ,, Object rotating anti-clockwise 7 Not reinforced. 
Experiment of 16th February, 1917. 

14 p.m. Object rotating clockwise 24 Reinforced. 

re ” » » n 26 » 

1.2 ” » ” ” 27 ” 

1.34 _,, Object rotating anti-clockwise | 10 Not reinforced. 
Experiment of 17th February, 1917. 

2.45 p.m. | Object rotating anti-clockwise | 12 | Not reinforced. 
Experiment of 18th February, 1917. 

2.48 p.m. | Objebt rotating clockwise | 19 Reinforced. 

3.33 ,, Object rotating anti-clockwise 34 Not reinforced. 
Experiment of 20th February, 1917. 

3.7 pm. | Object rotating anti-clockwise 26 Not reinforced. 

3.28 ,, Object rotating clockwise 26 Reinforced. 
Experiment of 21st February, 1917. 

3.0 p.m. | Object rotating anti-clockwise | 12 | Not reinforced. 


The strength of the reflex which is undergoing differential 
inhibition now diminishes progressively with small fluctuations 
until it reaches a permanent zero. 





The correctness of this interpretation is borne out by the striking 
similarity in detail in the development of differentiation and of 
conditioned inhibition. The same variations occur in both cases. 
The initial diminution in the strength of the reflex during the 


120 CONDITIONED REFLEXES 


first few applications of the new stimulus is sometimes succecded 
by a transitory increase in strength as compared with the normal, 
and after this the reflex diminishes steadily below its normal value 
until it finally attains a permanent zero; in most cases, however, 
the initial diminution is succeeded by a phase of increasc to the normal 
level, after which the reflex again falls steadily to zero with the 
development of the final differentiation ; it rarely happens that a 
development of differentiation is established without such fluctua- 
tions, or that a gradual diminution of the reflex follows directly 
upon the sudden initial drop. While, in describing the formation of 
conditioned inhibition, the fluctuations received a considerable share 
of attention, no records of experiments were given. A presentation 
of the analogous experiments on the establishment of differential 
inhibition will make the matter clear. 

In the first series of experiments (see p. 119), which were conducted 
by Dr. Gubergritz, an object rotating in a clockwise direction served as 
the positive conditioned stimulus, while the same object rotating in the 
opposite direction served as the stimulus undergoing differentiation. 


Amount of 


Stimulus 


Tune apphed divisions Remarks 
lurmg of scale 
30 secs. (5 div.= 


Experiment of 12th October, 1917. 


12.28 p.m. | Tone 30 Reinforced. 
10 ,, Tone 35 Reinforced. 
1.10 ,, Scmitone 9 Not reinforced. 








Experiment of 13th October, 1917. 


12.54 p.m. | Tone 36 Reinforced. 
15, Tone 36 Reinforced. 
1.12 ,, Semitone 82 Not reinforced. 
2l ,„ Semitone 16 Not reinforced. 
2.18 , Tone 29 Reinforced. 


The reflex to the semitone continues to fluctuate, gradually 
diminishing in strength until at the thirteenth repetition it has 
fallen to zero. 
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The above experiments were conducted on another dog, a musical 
tone serving as a conditioned alimentary stimulas and its semitone 
as the stimulus undergoing differentiation. 

The dog employed in the next series of experiments is the same 
as was used in the first series. A luminous circle was used for a 
conditioned alimentary stimulus, and a luminous square of equal 
surface and equal brightness for the stimulus undergoing differentia- 
tion. 





Amount of 
Salıva 
recorded 
Stımulus by 
Time applied divisions Remarks 
during of scale 
30 secs. (5 div.= 





Experiment of 28th December, 1917. 


1.20 p.m. | Circle 14 Reinforced. 
1.63 ,, Square 3 Not reinforced. 
Experiment of 29th December, 1917. 

2.44 p.m. | Circle | 16 Reinforced. 
30 =, Square 7 Not reinforced. 
ELaperiment of 30th December, 1917. 

1.24 p.m. Circle 15 Reinforced. 
1.32 ,, Square 10 Not reinforced. 





Then with small fluctuations the reflex diminishes progres- 
sively, until after the eleventh repetition the square becomes 
permanently ineffective. 


Some other interesting points besides those connected with the 
interference of the investigatory reflex have also come to light 
in recent experiments. In the first place it has been shown that the 
development of a differentiation of two very closely allied stimuli may 
be attempted directly, or, on the other hand, the same differentiation 
may be effected in stages, leading up through the differentiation of 
more remote stimuli. There is a considerable difference between the 
rates of development of a precise differentiation by these two methods. 
For example, if we begin with the first method we generally find that 
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the differentiation does not become established even after a con- 
siderable number of contrasts of the two very closely allied stimuli ; 
but if we procced to establish a differentiation of a remoter stimulus, 
working up gradually through finer differentiations until the very 
closely allied stimulus is again reached, it is found that this differen- 
tiation is now very rapidly established. The following experiments 
of Dr. Gubergritz serve to illustrate these relations : 

A circle of white paper provided a conditioned alimentary stimulus 
from which it was required to differentiate a circle of grey paper of 
similar size made of No. 10 in Zimmermann’s scale (50 shades from 
white to black). Seventy-five applications of the grey circle No. 10 
without reinforcement, contrasted with frequent applications of the 
white circle which always remained reinforced, failed to produce the 
slightest sign of differentiation. A much darker circle No. 35 was 
now contrasted with the white, and a differentiation was quickly 
established. Differentiation was now carried out for grey circles 
Nos. 25 and 15, after which the attempt to differentiate circle No. 10 
was made again, with the result that complete differentiation was 
established after a total of only 20 applications, in all, of the four 
different circles. 

A similar experiment, also with a visual stimulus, but in a modified 
form, was carried out on another dog. In this case the conditioned 
alimentary stimulus was again a circle, while the stimulus to be 
differentiated from it was an ellipse cut from the same paper and of 
equal surface, with the semi-axes in the ratio of 8: 9. Although at 
the beginning 70 applications of the ellipse were made with the method 
of contrast, no differentiation was obtained. Successive differentia- 
tions were now obtained in stages for ellipses with ratio of the 
semi-axes 4:5, 5:6, 7: 8, and finally with the ellipse of the ratio 
8:9. A precise differentiation of the latter was finally established 
after a total of only 18 applications, in all, of the four ellipses. 

In building up a differentiation by stages, beginning with a 
remote stimulus, the development of the first crude differentiation 
takes place comparatively slowly, especially if it is desired to obtain 
an absolute differentiation giving a permanent zero. When, however, 
an absolute, or almost absolute, differentiation has been obtained, 
the succeeding stages of progress towards the finer differentiation 
are passed through with increasing rapidity, becoming, however, 
somewhat retarded as the limit of the analysing activity is 
approached. One example may be given in illustration : 
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A white circle of a given surface area was used for a conditioned 
stimulus, while ellipses of the same area and whiteness but with 
different ratios of semi-axes provided the stimuli undergoing differen- 
tiation. In order to obtain a pronounced differentiation of the first 
ellipse, in which the ratio of the semi-axes was 4:5, twenty-four 
applications were required, with, of course, frequent contrastings 
by the circle. At this stage the circle elicited a secretion of 34 
divisions of the scale in 30 seconds, whereas the effect of the ellipse 
was measured by only four divisions. The next ellipse, with a 
ratio of 5:6, required only 3 applications in contrast to the 
circle before it became fully differentiated. Three repetitions were 
required also for the next ellipse, in which the semi-axes were 
in the ratio 6: 7. 

It should be noted that irregularities in the curve of development 
of differentiation do not depend always on the disturbing influence 
of the investigatory reflex due to external stimuli ; in all probability 
they are sometimes caused by variations in the intensity of the 
underlying nervous activity. 

The stability of differentiation of a given stimulus can be measured 
by the length of time reckoned from the last application of the 
positive stimulus during which differentiation is fully maintained. 
When differentiation has only recently been established, the length 
of time during which the differentiated stimulus without intermediate 
practice will yet give a full zero on its next application is short ; 
this length of tite increases, however, as the differentiation becomes 
more firmly established. For practical purposes we take a differen- 
tiation as being fully established when it is maintained for not less 
than 24 hours, still giving a zero reflex when applied as the very first 
stimulus in an experiment. 

Our repeated experiments have demonstrated that the same 
precision of differentiation of various stimuli can be obtained whether 
they are used in the form of negative or positive conditioned stimuli. 
This holds good in the case of conditioned trace reflexes also. The 
following experiment from a paper by Dr. Frolov gives an illustration 
of the differentiation of a trace stimulus : 

A rate of 104 beats per minuté of a metronome was established 
as a conditioned alimentary stimulus. The conditioned trace in- 
hibitor undergoing differentiation was given by a definite tone of an 
organ pipe (No. 16) which was sounded for 15 seconds and followed 
after a pause of one minute by the stimulus of the metronome which 
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remained in this case without rcinforcement. A combination of the 
metronome with a trace of the tone of the next organ pipe (No. 15, 
an interval of onc tonc from the first) was contrasted with the first, 
being reinforced so that it became an excitatory stimulus. The 
differentiation of the trace inhibition is illustrated in the following 
experiment : 


Experiment of 25th April, 1922. 


Salivary Secretion in 

Time Stimulus Duration of divisions of the scale 
Stimulus during successive 

periods of 15 seconds 


1.34 p.m. Tone of organ 15 seconds 


0. 
pipe No. 16 : 
Interval 60 Ps 0, 0, 0, 0. 
Metronome 30 n 15, 40,* not reinforced. 
1.40 ,, Tone of organ 15 s 0. 
pipe No. 16 
Interval 60 FA 0, 0, 0, 0. 
Metronome 30 ji 0, 15, not reinforced. 
1.48 , Tone of organ 15 - 0. 
pipe No. 15 
Interval 60 0, 0, 0, 0 
Metronome 30 i 25, 65, reinforced 





It should be added that the above differentiation was obtained 
by passing through a long series of crude differentiations, beginning 
with traces measured by seconds, and with wider intervals of tones ; 
but once developed the differentiation could be repeated from day to 
day. 

With regard to the nature of the nervous process by which the 
initially generalized conditioned stimulus comes to assume an 
extremely specialized form, we have abundant experimental evidence 


* Differentiations of trace-conditioned inhibitors are very easily subjected 
to dis-inhibition and are very unstable. It can be noticed in the above ex- 
periment that the first application of the organ pipe No. 16, the after-effect 
of which should have inhibited the secretory action of the metronome, failed 
to do so, when applied, as in this experiment, as the first stimulus after an 
interval of 24 hours from the preceding experiment. The second application 
of the organ pipe No. 16 exerted a powerful inhibitory after-effect, giving a 
secretion of only 15 divisions with a latent period of over 15 seconds as com- 
pared with a secretion of 90 divisions with a very short latent period with 
the use of organ pipe No. 15. 
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that it is based upon internal inhibition ; in other words, we may 
say that the excitatory process which is originally widely spread in 
the cerebral part of the analyser is gradually overcome by internal 
inhibition, excepting only the minutest part of it which corresponds 
to the given conditioned stimulus. This interpretation of differentia- 
tion as based upon internal inhibition rests upon evidence to be 
described now. 

A differentiation is established between two closely allied stimuli, 
so that one of them which is reinforced gives a constant positive 
conditioned effect, while the other, which remains unreinforced, 
gives no secretory effect. If, however, the positive stimulus is 
applied a short time after the differentiated one, there is found 
to be a considerable diminution of its secretory effect. An illus- 
tration of such an experiment can be given from a research by 
Dr. Beliakov : 

A definite tone of an organ-pipe has been given properties 
of an alimentary conditioned stimulus, and an interval of }th 
lower has been firmly differentiated from it by the usual method 
of contrast. 


Experiment of 14th February, 1911. 








Salvay 
Stimul lied retion 
Time during | a0 bos, in drops Remarks 
during 
30 secs. 
ener a 
12.10 p.m. Tone 5 Reinforced. 
12.25 ,, Tone 4 lower 0 Not reinforced. 
12.26 ,, Tone 0-5 Reinforced. 
4 


12.56 ,, Tone Reinforced. 





It follows that after application of the differentiated tone there 
remains in the nervous system a state of inhibition which is for some 
time sufficiently powerful to weaken the excitatory process set up 
by the application of the positive stimulus. 

The inhibition which is exhibited in differentiation must be 
recognized as constituting the fourth type of internal inhibition, 
which may be called differential inhibition. 

It would to our mind be quite appropriate to bring conditioned 
inhibition also under the heading of differentia] inhibition, since in 
both cases we deal with a removal by means of internal inhibition 
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of an excitatory effect of simple or complex stimuli which acquired 
their excitatory properties spontaneously in virtue of their partial 
resemblance to the original positive conditioned stimulus. 

The inhibitory after-effect in differential inhibition corresponds 
exactly with the inhibitory after-effect in conditioned inhibition, 
both becoming shortened by repetition. At the beginning they may 
persist upwards of an hour, but they become restricted finally to a 
matter of a few seconds. 

It is necessary to emphasize in this place the fact that the finer 
the degree of differentiation the greater is the intensity of the 
inhibitory after effect. The following experiments of Dr. Beliakov 
serve to illustrate this point : 

A definite tone represents the conditioned stimulus in an ali- 
mentary reflex ; intervals of one-half and one-eighth were used for 
differentiation. 





Salivary 
Sti lied ecretion 
Time dug 30 onda in drops Remarks 
during 
30 seconds 


Experiment of 19th March, 1911. 








12.17 p.m. Semitone 0 Not reinforced. 
12.37 ,, Tone 4 Reinforced. 
1.7 , Tone 4 Reinforced. 
Experiment of 29th March, 1911. 
3.55 p.m. One-eighth 0 Not reinforced. 
4.15 ,, Tone 1-5 Reinforced. 
4.30 ,, Tone 4 Reinforced. 











Apart from the close connection already mentioned between 
conditioned inhibition and differential inhibition, the latter provides 
a close parallel in all other respects to the three types of internal 
inhibition which have been dealt with in previous lectures. Thus 
the inhibitory after-effect in differential inhibition, similarly to other 
forms of internal inhibition, undergoes summation on repetition of 
the stimulus. The following experiments are again taken from the 
researches by Dr. Beliakov : 

Another dog is taken in which a conditioned alimentary reflex 


DIFFERENTIATION 127 


is established to a definite musical tone, while a semitone lower is 
firmly differentiated as an inhibitory stimulus. 





Salivary 
A Stimulus applied Secretion 
Time during 30 pads in drops Remarks 
during 
30 secs, 





Experiment of 8th June, 1911. 


2.5 p.m. Tone 10 Reinforced. 
2.35 ,, Semitone 0 Not reinforced. 
2.38 Semitone 0 Not reinforced. 
2.39 =, Tone 7 Reinforced. 
2.50 ,, Tone 12 Reinforced. 
Experiment of 14th June, 1911. 
1.45 p.m. Tone 12 Reinforced. 
20 ,, Semitone 0 Not reinforced. 
22 ,, Semitone 0 Not reinforced. 
24 ~~ ,, Semitone 0 Not reinforced. 
26 , Semitone 0 Not reinforced. 
2.7 p Tone 15 Reinforced. 
2.30 ,, Tone 13 Reinforced. 





In differentiation as in the other types of internal inhibition the 
intensity of inhibition stands in direct relation to the strength of the 
excitatory process on the basis of which it was established, and can 
therefore be disturbed by any increase in the intensity of the stimulus 
which developed she inhibitory properties, or by any change in the 
general or local excitability of the central nervous system. To 
illustrate this last condition we may take instances of differential 
inhibitions established on the basis of an alimentary reflex. If, for 
example, the dog has been kept entirely without food for a much 
longer period than usual before the experiment is conducted, the 
increase in excitability of the whole alimentary nervous mechanism 
renders the previously established differential inhibition wholly 
inadequate. Again, if the general excitability of the central nervous 
system has been increased, for example by an injection of caffeine, 
the previously established differentiation similarly becomes disturbed. 
This effect of an alteration of the general nervous excitability is 
fully illustrated by an experiment of Dr. Nikiforovsky : 

~ A tactile stimulation of the fore-paw serves as a positive con- 
ditioned alimentary stimulus, while a tactile stimulation of the back 
is completely differentiated from it. 
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Salivary 
Secretion 
in drops 
during 
x Stimulus applied successive 
Time during 1 minute minutes Remarks 
from the 
beginning 
of the 
conditioned 
stimulus 


12.52 p.m. Tactile stimulation of back | 0,0, 0 Not reinforced. 
16 , Tactile stimulation of fore- 
5 Reinforced. 


paw 
Subcutaneous injection of 
5 c.c. of 1% solution of 
caffeine — — 
1.18 ,, Tactile stimulation of fore- 
4 Reinforced. 


paw 
1.33 ,, Tactile stimulation of back | 3, 3, 2 Not reinforced. 
1.45 , Tactile stimulation of fore- 

paw. 7 Reinforced. 


Lastly, in common with the other three groups of internal in- 
hibition, differential inhibition is subject to dis-inhibition, becoming 
temporarily removed under the influence of mild extra stimuli 
belonging to the group of external inhibitors, so as to reveal the 
underlying excitatory process. Two experiments by Dr. Beliakov 
carried out on the same animal are given in illustration : 

A tone of 800 d.v. served as a conditioned alimentary stimulus, 
and an interval of one-eighth (812 d.v.) was thoroughly differentiated 
from it. A sound of bubbling water and an odour of amyl acetate 
served as mild extra stimuli which by themselves did not evoke any 
secretory effect. 





Salivary 
Stimul lied. Secretion 
Time during ‘30 pera in drops Remarks 
per 30 
seconds 





Experiment of 18th June, 1911. 


12.30 p.m. 800 d.v. 3:5, — | Reinforced. 
10 ,, 812 d.v. 0,0 Not reinforced. 
1.20 ,, 800 d.v. 3, — Reinforced. 
1.35 , 812 d.v. +odour of amyl 


acetate 2,2 Not reinforced. 
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Salivary 


A Stimulus applied Secretion 
Time during 30 seconds, in drops Remarks 
: per 30 
seconds 





Experiment of 23rd June, 1911, 


11.55 a.m. 800 d.v. 4,— Reinforced. 
12.10 p.m. 812 d.v. + bubbling water 2, 1 Not reinforced. 
12.30 ,, 800 d.v. ij ,— Reinforced. 
12.40 ,, 800 d.v. | 3, — Reinforced. 





It is interesting to note that dis-inhibition can also be obtained 
when mild extra stimuli influence the hemispheres while the after- 
effect of differential inhibition? is still persisting. The following is 
an experiment carried out by Dr. Beliakov on the same animal. 
The extra stimulus is given by the sound of a metronome which by 
itself produced no secretion. 





Sccretion of Saliva Remarks 


Time Stimulus during 
m drops 


30 seconds 





Experiment of 17th May, 1911. 


11.10 a.m. | Tone 4-5 during 30 secs. Reinforced. 
11.30 Pr Tone 4 ” ” » 
11.40 ,, Tone es 0 m ik Not reinforced. 
11.44 ,, Tone 3 lower 0 3 a ” 
11.444 ,, Metronome during 

1 minute 14 during 1 minute r si 





Among the extra stimuli which have been employed there were 
some which evoked, not an ordinary investigatory reaction, but 
specific reflexes of greater intensity and complexity ; in these cases 
the dis-inhibitory after-effect was very much prolonged. An example 
of the use of such an extra stimulus can again be taken from an 
experiment by Dr. Beliakov performed on the same animal as 
before. 

A strong extra stimulus was provided by the blare of a toy trumpet 
which produced voluminous and exceedingly discordant noises. The 
dog reacted by barking wildly, trembling and trying to break away 
from the stand. 

AP, I 
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Time Stimulus applicd during Salivary Secretion in successive 

30 seconds periods of 30 seconds 

10.58 a.m. Trumpet 0 

10.584 ,, Inhibitory tone (812 d.v.) 6, 3, 2 

11.3 ” ” ” ” 3, l, 1 Stimuli 

11.7 » ” ” ” I; 1, 1 not 

111 ,, 4 ok 1-5, 1-5, 0 | reinforced. 

wD a, A 5 55 Traces 


The experimental evidence advanced in this lecture leaves us 
in no doubt but that the establishment of differentiation is based 
upon the development of internal inhibition in respect to the 
differentiated agent. 

On the evidence of our experiments we are also forced to the 
conclusion that there is an important difference between the cruder 
form of differentiation depending upon external inhibition, and the 
finer form of differentiation depending upon internal inhibition. 
The former and more generalized inhibition is brought about by the 
intervention of an excitatory process, in most cases in the form of 
an investigatory reficx, and this has only a secondary inhibiting or 
dis-inhibiting effect upon the conditioned reflexes; the latter is 
brought about by a primary development of an inhibitory process, 
resulting, so to speak, from a conflict between excitation and in- 
hibition. This supremacy of the inhibitory process is sometimes 
gained only with considerable difficulty, and in some cases it is even 
beyond the power of the nervous system to resolve the conflict in 
favour of either process. In the latter case the antagonism between 
the excitatory and inhibitory processes may not always bring about 
a full utilization of the results of analysis of external stimuli for the 
general benefit of the organism. This being so the study of the analys- 
ing activity of the nervous system by the method of conditioned 
reflexes will also have its limitations—a fact which in itself 
presents a problem of considerable interest. ` 


LECTURE VIII 


The analysing and synthesizing activity of the cerebral hemispheres (continued) : 
(c) Examples of the analysis of stimuli. (d) Synthesis and analysis of compound 
simultaneous stimuli. (e) Synthesis and analysis of compound successive 
stimuli. 


It was shown in the preceding lecture that the animal at first general- 
izes any definite individual stimulus of the outer world, but that 
with repetition the stimulus becomes more and more specialized as a 
result of the development of an inhibitory process (differentiation). 
In this final form conditioned reflexes provide a reliable method 
for an experimental study of the scope and limits of the activity of 
the different cortical analysers. Our knowledge of the different 
analysers in the dog has recently been considerably advanced through 
the study of conditioned reflexes,—a fact which affords a striking 
example of the practical utility of this method of research. It should, 
moreover, be mentioned with regard to these particular experiments, 
that while considerable difficulties were sometimes encountered in 
the course of the work, these did not arise in the physiological part 
of the technique, but derived from instrumental limitations, since 
in many cases it has been exceedingly difficult to obtain or construct 
suitable physical apparatus. The main requirement is for instru- 
ments which are capable of producing a perfectly isolated and 
unvarying elementary stimulus of a definite degree of intensity. 
This, however, is very often a practical impossibility. For example, 
it is exceedingly difficult to find an apparatus for tactile stimulation 
of the skin which will not produce some slight sound during its 
application. It is also not easy to obtain an alteration in the pitch 
of a tone without simultaneously affecting its strength. Indeed, it 
seems to me that future experimentation upon the analysers of 
animals will exhibit an interesting competition between the delicacy 
of the nervous analyser and the skill of the instrument maker. 

We shall turn now to a consideration of the experiments at our 
disposal, taking first those dealing with the visual analyser of the 


dog. In respect of discrimination of luminosity this analyser was 
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found to be greatly superior to that of man. Thus, for example, a 
conditioned reflex was established in a dog to the presentation of 
a black screen perfectly uniform in shading, without any traces of 
graining or spots. A white screen of identical shape and size, and 
also of uniform luminosity, was differentiated from the black screen 
by the usual method of contrast. The experimenter was provided 
with a number of screens of different shades (50 numbers of Zimmer- 
mann’s collection) ranging from white through different shades of 
grey to black. After the differentiation of white had been firmly 
established the same method of contrast was used to obtain finer 
degrees of differentiation of grey scrcens approximating more and 
more nearly to black. It was found in this way that the visual 
analyser of the dog was capable of distinguishing between the neigh- 
bouring shades Nos. 49 and 50, while to the human cye there appeared 
not the slightest difference between them, whethcr they were 
examined successively at different intervals of time or simultancously. 
This was also true for several other shades separated further from 
one another on the scale, which could not be discriminated by the 
human eye but which the dog differentiated perfectly. The following 
experiment shows an evident, though not absolute, differentiation 
of the screens Nos. 49 and 50 [experiments by Dr. Frolov] : 


Secretion 
Conditioned of Saliva 
Time Stimulus applied in drops Remarks 
during 30 seconds during ` 
30 seconds 
3.13 p.m. Screen No. 50 10 Reinforced. 
4l, $ i 2 T 
49 ,, Sercen No. 49 6 Not reinforced. 


It thus becomes evident that as regards the analysis of intensity 
of illumination the visual analyser of the dog is so highly developed 
that we were unable to determine the limit to which this activity 
extends. 

In the case of analysis of various colours the results obtained 
were quite different. Dr. Orbeli in a first series of experiments was 
unable to detect any differentiation of colours on the part of his dogs. 
In a second series of experiments, however, positive results were 
obtained in one dog, but only with great difficulty, and even in this 
case the experiments were still open to criticism. The results obtained 
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by other investigators, both Russian and forcign, lead to the con- 
clusion that colour vision in dogs, if present, is only of a very rudi- 
mentary form, and that in most dogs it cannot be detected at all. 

Dr. Orbeli studied also the differentiation of figures. Examples 
of figures for which an absolute differentiation was obtained, are 
given in Fig. 6. 

Experiments with regard to differentiation of shapes were con- 
tinued by Dr. Shenger-Krestovnikova. An alimentary conditioned 
reflex was established in a dog to a luminous circle which was pro- 
jected on to a screen placed in front of the dog. After the reflex had 
attained a constant strength the animal was made to differentiate 
from the circle a number of ellipses of equal surface and luminosity. 
In the first of the cllipses the ratio of the semi-axcs was 2:1, and 
differentiation was established with casc. This was followed up by 
a series of ellipses which gradually approximated to the circle in 
shape, and so required a fincr and finer differentiation. The ellipse 
with ratio of the scmi-axes 9:8 proved to be the limit at which 
differentiation just failed. Some indication of differentiation 
appeared at first, but on repetition it gradually disappeared, and 
with it disappeared also all the previously established coarser 
differentiations. To renew these it was necessary to work up carc- 
fully from the very beginning, starting with the first ellipse with a 
ratio of the semi-axes 2:1. When all the coarser discriminations 
had again been obtained, the ellipse with the ratio 9:8 was tried 
once more. Its first application showed a complete discrimination, 
giving a zero secretion of saliva. Further tests, however, led to the 
same results as before. Not only was it impossible to obtain the 
differentiation again (if the first trial can be regarded as a real 
differentiation at all), but all the carlicr, coarser differentiations 
disappeared as well. In this phenomenon we have a clear repro- 
duction of the case referred to at the end of the preceding lecture. 
When the stage of minute differences between stimuli is reached, 
analysis of itself appears still feasible, but the relations existing 
between the excitatory and the inhibitory processes seem to present 
an insurmountable obstacle to its continued and permanent utiliza- 
tion by the animal for an appropriate responsive activity. 

The differentiation of direction of motion of figures and points 
was also investigated in our laboratories, but the limit of discrimina- 
tion was not determined in these cases. 

The analysing activity of the acoustic apparatus in the dog was 
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Fic. 6.—Examples of different figures which were successfully differentiated in experi- 
ments by Dr. Orbeh. The letter T, shown in the upper left-hand corner of the figure, served 
for the positive stimulus ; the other black figures and the white letter T where differentiated 
from the positive stimulus. ke 

In another dog the white cross was the positive stimulus from which the other white 
figures were differcntiated. 
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investigated in especial dctail and in various directions. In the first 
place we shall consider the analysis of different intensities of the 
same sound. It was found that any definite degree of intensity of a 
sound could easily be made into a stable conditioned stimulus and 
could be differentiated from slightly higher or slightly lower inten- 
sities of the same sound [experiments of Dr. Tichomirov]. A tone 
of 1740 d.v. was sounded by an organ pipe into which air was blown 
at a constant pressure of 3-6-3-8 cms. of water by means of a spiro- 
meter. The organ-pipe was fitted in the centre of a wooden board 
covered by a thick layer of cotton wool. Above this board and over 
the pipe was suspended a wooden box, open below and also coated 
inside with cotton wool. By raising or lowcring this box to different 
heights over the pipe definite dampings of the sound were obtained. 
The limit of differentiation to the intensities of a given sound could 
now be determined for the dog and compared roughly with that of 
human beings. Thus it was found that an intensity very closely 
approaching the one employed as a positive conditioned stimulus 
could be differentiated by the dog with an absolute precision even 
when a pause of 17 hours was made between the two stimuli. The 
experimenter found himself able to detect a difference between these 
two intensities of the sound only when they succeeded each other 
immediately. The following is an example taken from these experi- 
ments : 


Secretion 
è of Saliva 
Time Conditioned Stimulus in drops Remarks 
during 
30 seconds 
4.28 p.m. Usual intensity of tone 6 Reinforced. 
4.43 ,, Same tone but of slightly 
different intensity 0 Not reinforced. 
4.49 ,„ Usual intensity of tone 3 Reinforced. 





In the continuation of these experiments the intensity of the 
inhibitory tone was brought still nearer to the intensity used for the 
positive conditioned stimulus, and an absolute differentiation was 
obtained even after a pause of three hours between the stimuli. Un- 
fortunately these experiments were conducted in our old laboratory 
where the effect of the inhibitory stimulus was easily disturbed, and 
it must be left to the future to repeat these experiments under more 
perfect conditions in our new laboratory. 
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A great number of experiments have also been carried out on the 
differentiation of pitch. To produce tones of diffcrent pitch wind 
instruments were chiefly employed, and the limit to which we were 
able to carry our tests was an interval of one-eighth of a tone (800 
and 812 d.v.). This interval, as has already been shown in the pre- 
vious lectures (p. 125), was differentiated with perfect accuracy by 
the acoustic analyser of the dog. It was not possible to carry our 
determination of the physiological limit of differentiation of pitch 
any further, since we could not be sure that our apparatus would 
accurately reproduce smaller intervals than one-eighth. The re- 
petition of these experiments with the use of pure tones, produced 
by telephones with resonators, showed that this differentiation 
could still be obtained as easily as with the richer tones of wind 
instruments [experiments of Drs. Anrep and Manuilov]. 

The upper limit of the auditory range of the dog was demonstrated 
by Dr. Bourmakin with the use of a Galton’s whistle, and by Dr. 
Andréev with the use of an apparatus producing pure tones, to be 
very much higher than in man. Conditioned reflexes were success- 
fully established to tones of such high pitch as to be quite inaudible 
to man. It was indeed interesting to observe how sharply and 
precisely the dog reacted to sounds which were non-existent to the 
human ear. 

The differentiation of timbre and the differentiation of direction 
of sounds were also submitted to investigation, but no exact limits of 
differentiation were determined in the cases of these special qualities. 

While discussing the functional capacity of the acoustic analyser 
we may refer to those experiments in which differentiation was based 
not upon the differences in the properties of the sounds but upon 
differences in the rhythm of successive applications of one and the 
same single sound. The sound in this case was produced by a metro- 
nome beating regularly, but at different rates in the various experi- 
ments. Diffcrentiations of this type were quite easily obtained, but 
the main interest of these investigations lay in the determination of 
the limit of differentiation, which for the dog was found to be far more 
subtle than the discrimination which could be recognized inman. The 
dog was capable of a very precise differentiation between such rates 
as 100 and 96 beats per minute even when applied at a very long 
interval after one another (i.e. a discrimination of 0°024 seconds). 

A few experiments have been conducted with the analysers for 
tactile and thermal cutaneous stimuli. Differentiation could easily 
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be established for the site of stimulation, and was found to be very 
precise, but no determination was made as to the actual limit. 

Differentiations were obtained also for different types of tactile 
stimulation, namely pressure by smooth and rough surfaces, pressure 
by blunt points arranged in various patterns, and by scratchings 
in various directions with a small brush. Furthermore, differentia- 
tions were also obtained for different degrees of temperature. 

The most perfect analyser in the dog is the chemical analyser of 
smell, but our information concerning it is scanty, mainly on account 
of instrumental difficulties. It has been exceedingly difficult, if not 
impossible up to the present, to obtain the same accuracy in gradua- 
tion of olfactory stimuli as of any other stimuli. It is impossible also 
to limit the action of olfactory stimuli to any exact length of time. 
Furthermore, we do not know of any subjective or objective criterion 
by which small variations in intensity of odours can be determined. 
On this account only a small number of experiments could be 
conducted. Differentiations were obtained for various odours— 
camphor, vanillin and many others. Some of these were made into 
positive conditioned alimentary stimuli or positive conditioned 
stimuli for acid, while others were given the corresponding inhibitory 
properties. Experiments upon differentiation were also conducted 
with mixtures of odours, into which some new odour could be intro- 
duced. 

Lastly, some experimental data have been obtained concerning 
the chemical analyser of taste. In this case matters were more 
complicated, because the unconditioned stimuli which were usually 
employed in the experiments (food and rejectable substances), both 
act on this analyser. In order to study the analyser of taste in a 
manner similar to that employed for other analysers, it would be 
necessary to employ an unconditioned reflex belonging to some other 
analyser and to use various taste stimuli for establishing the cor- 
responding positive and negative conditioned reflexes. Experiments 
of this kind have not been performed. We adopted, however, 
another method in which a number of conditioned reflexes were 
established each associated with a different nutritive or rejectable 
substance (meat powder, bread crumbs, sugar, cheese, acid, soda, 
etc.), and their interaction and mutual inhibition were then observed. 
The following is an example of such an experiment by Dr. Egorov : 

A tactile stimulation of the skin presented a conditioned stimulus 
to the consumption of a mixture of meat powder with bread crumbs ; 
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a rotating object was used as a conditioned stimulus to the consump- 
tion of Dutch cheese. 


Secretion of 





Time Conditioned Stimulus Saliva in Remarks 
drops during 
30 secs. 

3.12 p.m Tactile 5 

3.29 ,, “i 5 All reflexes rein- 
3.50 ,, Rotating object 8 forced by their re- 
3.57 ,, Tactile 0-5 spective uncondi- 
44 ,, "s 2-5 tioned stimuli. 
4.ll ,, 5 


Since the conditioned stimulus of the rotating object (3.50 p.m.) 
was reinforced by administration of cheese, the above form of the 
experiment does not tell us whether the subsequent diminution in 
the conditioned reflex to the tactile stimulus (Ż¿.e. the conditioned 
stimulus for meat and bread) was duc to the conditioned stimulus 
of the rotating object or to its reinforcing agent (i.e. cheese). To 
determine this point similar experiments were conducted witii the 
use of the conditioned stimuli applied without reinforcement. The 
following is an example of such an experiment. 

Tactile stimulation of the skin usually resulted in this dog in a 
conditioned secretion varying from 5 to 6 drops of saliva during 30 
seconds. The stimulus of the rotating object which is given prior 
to the application of the tactile stimulus remains unreinforced. 




















Salivary 
Time Conditioned Stimulus Secretion in Remarks 
drops during 
30 seconds 
3.12 p.m. Rotating object 8 Not reinforced. 
3.20 ,, Tactile 2 Reinforced after 30 
secs. 
3.35 ,, P ; 1 Reinforced after 30 
secs. 
Reinforced simul- 
3.45 ,, 2 — taneously with he 
40 , 5 — beginning of the 
tactile stimulus. 
4.17 ,, ʻ 2-5 Reinforced after 30 
secs. 
438 ,, 2 Reinforced after 30 


secs. 
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The very considerable and protracted diminution in the reflex 
to the tactile stimulus shows that it is the analysing activity of the 
_ cerebral part of the chemical analyser of taste which is involved in 
this case, since the conditioned stimulus to checse was in itself 
sufficient without reinforcement to bring about a profound diminution 
in the reflex to the tactile stimulus. 

Another set of experiments was performed [by Dr. Savich] in 
which “natural” conditioned reflexes to the appearance of meat 
powder and to the appearance of granulated sugar were employed. 
The dog’s usual diet outside the experiment consisted of oatmeal 
porridge with meat and bread. Later on meat and bread were 
excluded from the meal, but a large amount of sugar was added to 
the porridge. After this diet had been maintained for some time 
the conditioned reflex to the appearance of meat powder was found 
to be considerably increased, while the reflex to the appearance of 
sugar had disappeared almost entirely. 

Similar experiments, but with greater precision of detail, were 
carried out by Dr. Hasen with conditioned reflexes to rejectable 
substances. He took advantage of two facts which had previously 
been noticed in reflexes to acid, viz., that in most of the cases the 
magnitude both of conditioned and of unconditioned reflexes 
gradually rises towards the end of an experimental day, and that the 
magnitude of the reflexes also rises, up to a certain maximum, in 
the course of a series of experiments conducted on successive days. 
Dr. Hasen modifjed his experiments in the following manner. After 
the first application of the conditioned stimulus, which was reinforced, 
acid was introduced several times in succession without the con- 
ditioned stimulus, and finally the conditioned stimulus was again 
applied. The effect of the conditioned stimulus on this last applica- 
tion was found always to be increased as compared with the effect 
on its first application. At a later stage in the experiments, which 
were performed on two dogs, the daily routine was interrupted by 
three intervals, of five days each in one series of experiments, and of 
three days each in another. During the first interval the one dog 
received in the form of an enema, and the other dog received through 
a stomach tube, a considerable amount of dilute acid. During the 
second interval a solution of sodium carbonate was given in a similar 
manner, and during the third interval the dogs received no injections 
at all. The conditioned reflexes and the unconditioned reflexes were 
tested after each of these intervals. It was found that after the 
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interval in which acid was introduced the magnitude of the reflexes 
remained the same or was but slightly diminished as compared with 
the experiments preceding the pause; after the interval in which 
nothing was administered the magnitude of the reflexes fell con- 
siderably ; and after introduction of soda the reflexes diminished 
still more. In the course of daily experiments a definite amount of 
acid introduced into the mouth of one of these dogs produced from 
the submaxillary gland on an average a salivary secretion of 5-1 c.c., 
while the conditioned stimulus elicited a secretion of 4 drops during 
30 seconds. After the interval during which nothing was adminis- 
tered the figures were 3-8 c.c. and 2 drops respectively; after the 
interval in which sodium carbonate was introduced 3-7 c.c. and a 
secretion of zero were respectively produced; finally, after the 
interval in which acid was administered, the secretions obtained 
amounted to 4-5 c.c. and 3 drops respectively. Thus it is evident 
that the variations in the chemical composition of the blood which 
resulted from excess of acid or alkali were differentiated by the 
cerebral termination of the chemical analyser, being manifested by 
an increase or a decrease in the excitability of the central part of 
the analyser. When the animal absorbed an excess of acid thee. ita- 
bility of the “ acid ” part of the chemical analyser increased, with 
the result that on encountering acid from the outer world the organ- 
ism responded by more vigorous motor and secretory reflexes 
directed towards the exclusion of the further introduction of acid. 
The same, of course, takes place in the case of nutritive substances, 
a corresponding increase or decrease being observed in the positive 
or negative reactions to different substances or different quantities 
of them. It is thus seen that the chemical analyser of taste in its 
central part forms a connecting link between the internal and 
external media of the organism, and by regulating their relations 
one to the other secures a certain constancy of the internal 
medium. 

The experiments which have just been described, and which, 
unfortunately, were not subsequently repeated, belong to the earlier 
period of our work, when the novelty and complexity of the subject 
afforded numerous sources of error. Nevertheless, even so, they 
show definitely that the study of the chemical analyser of taste, 
though complex, can be conducted successfully by the use of con- 
ditioned reflexes. 
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With regard to the synthesizing activity of the nervous system, 
as compared with its analysing activity, little is known up to the 
present. It would, indeed, he futile for us to attempt to discuss 
the nature of its intimate mechanism : it can only be suggested that, 
in the future, synthesizing activity will be referred to the physico- 
chemical properties of synaptic membranes or anastomosing neuro- 
fibrils. Our immediate task must consist in accumulating experi- 
mental material concerning the synthesizing activity. 

In addition to the formation of the conditioned reflex itseli— 
which is, of course, primarily an expression of the synthesizing 
activity, and which has constantly formed the starting-point of our 
investigations—we have also examined the properties of compound 
conditioned stimuli. Compound stimuli were used with either 
simultaneous or successive action of their component parts. 

In the case of compound simultaneous stimuli the following 
important relations have been observed : 

When the stimuli making up the compound act upon different 
analysers, the effect of one of them when tested singly was found 
very commonly to overshadow the effect of the others almost com- 
pletely, and this independently of the number of reinforcements of 
the compound stimulus. For example, a tactile component of a 
stimulatory compound was usually found to obscure a thermal com- 
ponent, an auditory component to obscure a visual component, and 
so on. Thus, in the following experiment by Dr. Palladin a con- 
ditioned reflex te acid was established to a simultaneous application 
of a thermal stimulus of 0° C. and a tactile stimulation of the skin. 
Tests were made both of the compound stimulus and of its individual 
components applied singly. 








Salivary Secretion 
Time Conditioned Stimulus in c.es. 
l during 1 minute 


11.15 a.m. Tactile 08 c.c. 





12.45 p.m. Thermal 00 c.c. 
1.10 p.m. Tactile + thermal 0-7 c.c. 


Another example may be taken from an experiment by Dr. 
Zeliony. A conditioned alimentary reflex was established to the 
simultaneous application of the tone of a pneumatic tuning-fork, 
which was considerably damped by being placed within a wooden 
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box coated with wool, and of a visual stimulus of three electric 
lamps placed in front of the dog in the slightly shaded room. 


Secretion of 


Time Conditioned Saliva in 
Stimulus drops during 
30 seconds 
3.37 p.m. | Tone+lamps 8 
3.49 ,, | Lamps 0 


In the above experiments the action of the thermal and visual 
components by themselves was ineffective, being completely over- 
shadowed by the other respective components. It is obvious, 
however, that the ineffective components in the stimulatory com- 
pounds could casily be made to acquire powerful conditioned 
properties by independent reinforcement outside the combination. 
The true interpretation of the phenomenon which has just been 
described is revealed by experiments in which both components of 
a stimulus belong to one and the same analyser. For example, in 
one experiment there were used as components in a stimvlatory 
compound two different tonces, which appeared to the human ear to 
be of equal intensity. When the conditioned reflex to the com- 
pound became fully established, the tones sounded separately were 
found to produce an equal effect. In another experiment, a con- 
ditioned reflex was formed to a compound in which the two indi- 
vidual tones were of very different intensities. The effect of the 
tone of weaker intensity when tested singly was now very small or 
absent altogether. Such a case is illustrated in the following 
experiment by Dr. Zeliony. An alimentary reflex was established in 
a dog to a compound stimulus made up of the sound of a whistle 
and the sound of the toned sharp of a pneumatic tuning-fork. Both 
these sounds appeared to the human ear to be of equal intensity, 
and both when tested separately elicited a secretion of 19 drops of 
saliva during one minute. In addition to this, another compound 
stimulus was established, made up of the same sound of the whistle 
plus the tone a of a tuning-fork of weaker intensity. When tested 
separately the whistle in this case elicited a secretion of seven drops 
of saliva during thirty seconds, and the tone only one drop. 

It is evident from the above experiments that the obscuring of 
one stimulus by another belonging to the same analyser is deter- ` 
mined by differences in their strength, and it is natural to assume 
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that this explanation can be applied also to compound stimuli, the 
components of which belong to different analysers. On this assump- 
tion tactile cutaneous stimuli in our experiments should be regarded 
as being relatively stronger than thermal cutaneous stimuli, and 
auditory stimuli should be regarded as being relatively stronger 
than visual stimuli. The natural deductions from such an assump- 
tion are far-reaching, and it will be necessary at some future date 
to test its validity by the use of stimuli compounded from different 
analysers and varying as much as possible in their intensities, a 
very weak auditory stimulus being combined with a very strong 
visual one, and so on. 

The phenomenon in which one stimulus is obscured by another 
in a simultaneous stimulatory compound, when the two stimuli 
belong to different analysers, presents several interesting features. 
The effect of the compound stimulus is found nearly always to be 
equal to that of the stronger component used singly, the weaker 
stimulus appearing therefore to be completely overshadowed by the 
stronger one. If, however, the stronger stimulus is even at long 
intervals of time, repeated singly without reinforcement by the 
unconditioned reflex, while the compound stimulus is constantly 
reinforced, the stronger stimulus by itself becomes completely in- 
effective, whereas in the stimulatory compound there is no diminution 
in its effect. It is evident, therefore, that although the effect of the 
weaker stimulus when tested singly is invisible, it nevertheless plays 
an important past in the stimulatory compound [experiments by 
Dr. Palladin]. 

Another feature of interest has been already described in the 
fourth lecture [experiments of Dr. Perelzweig, page 56]. If the 
weak component, which may be even quite ineffective when applied 
alone, is repeated at short intervals without reinforcement—.e. is 
extinguished below zero—then both the compound and the stronger 
component undergo secondary extinction. In this experiment, 
therefore, the component which is normally of itself apparently 
ineffective becomes temporarily transformed by the process of 
experimental extinction into a strong inhibitory stimulus. 

The following was observed in a single, but so far as the experi- 
mental conditions were concerned a perfect, experiment. When 
two stimuli belonging to different analysers were first separately 
made into conditioned stimuli, and only afterwards applied simul- 
taneously to form a compound stimulus, which was repeatedly 
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reinforced, the overshadowing of the one component by the other 
did not occur. From this it may be concluded that in the usual 
case where two hitherto neutral stimuli are used to form a compound 
stimulus, the stronger stimulus at once prevents the weaker from 
forming a corresponding connection with the centre for the uncon- 
ditioned reflex. If, however, this connection has been established 
already, it is not disturbed during the subsequent establishment 
of the reflex to the compound stimulus. The mechanism on 
which the predominance of one component of a stimulatory 
compound over another depends is most probably a form of inhi- 
bition. This matter will be examined in detail in a subsequent 
lecture. 

The cases mentioned above show that a definite interaction takes 
place between different cells of the cortex, resulting in a fusion or 
synthesis of their physiological activities on simultaneous excitation. 
In the case of a compound simultaneous stimulus made up of com- 
ponents of unequal strength belonging to the same analyser this 
synthesis is not so obvious. However, it comes out very clearly 
that even in these cases there is no summation of the individual 
reflex effect of each single component, the effect of the stronger 
component applied singly being equal to that of the compound 
stimulus. 

The phenomenon of synthesis of stimuli belonging to the same 
analyser is much more evident in a modification of the experimental 
conditions which was first used in Dr. Zeliony’s 2xperiments, then 
again by Drs. Manuilov and Krylov, and has since been widely 
practised. It was noticed that if a conditioned reflex to a compound 
stimulus was established as described above, it was easy to maintain 
it in full strength and at the same time to convert its individual 
components, which gave a positive effect when tested singly, into 
negative or inhibitory stimuli. This result is obtained by constant 
reinforcement of the compound stimulus, while its components, on 
the frequent occasions when they are applied singly, remain without 
reinforcement. The experiment can be made with equal success in 
the reverse direction, making the stimulatory compound into a 
negative or inhibitory stimulus, while its components applied 
singly maintain their positive effect. We leave the discussion of 
this phenomenon to Lecture XVI, and shall pass on to consider 
the second type of stimulatory compounds, namely, compound 
successive stimuli. 
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In this second type of stimulus, in which the component stimuli 
are applied not simultancously but in succession, the synthesizing 
function of the nervous system is still more obvious. The compound 
stimuli employed were of many different kinds. In some cases the 
compound was made up of successive repetitions of one and the same 
stimulus. For example, a definite tone was repeated three times 
for one second with an interval of two seconds between the first and 
second applications, and an interval of one second between the 
second and third; this rhythm was repeated after a pause of five 
seconds, and was now accompanied by the unconditioned stimulus. 
In other experiments the stimulatory compound was made up of 
three or four different stimuli all belonging to one analyser; the 
stimuli were made to succeed one another in a definite ordcr, being 
each of equal duration, and with equal pauses between them. There 
were used, for example, in one case the four tones C, D, E, F of one 
octave ; and in another case the four stimuli were made up of a 
noise, two different tones and the sound of a bell. Finally, in other 
experiments there was employed a stimulatory compound composed 
of three or four stimuli belonging to different analysers, each stimulus 
being of equal duration, the pauses between them being also equal. 
Conditioned reflexes were readily obtained to all these different 
compound stimuli, and after a certain amount of practice of the 
reflexes all the individual components when tested singly were 
found to exhibit a positive conditioned effect, which varied in 
magnitude according to the quality and relative strength of the 
individual stimuli. 

The next step was the introduction of different modifications of 
these compound stimuli. In the first case the order of the two 
pauses between the repetitions of the tone was reversed, the longer 
pause being now made between the second and third applications 
instead of between the first and second. In the remaining cases 
the order in which the different stimuli were applied was changed, 
either completely by reversing it, or in the case of the compound 
consisting of four component stimuli by reversing the order of the 
two middle ones. These modified compounds were repeatedly 
applied without reinforcement, but when the stimuli were applicd 
in their original order the compound was always reinforced, with 
the result that ultimately the original compounds became dif- 
ferentiated from their modifications, which latter finally lost their 
positive conditioned effect and acquired an inhibitory one [experi- 

A.P. x 
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ments by Drs. Babkin. Stroganov, Grigorovich, [vanov-Smolensky 
and EKurman]. 

The following is an example of the different permutations of four 
tones (1, 2, 3, 4) which were snecessfully differentiated by the dog 
in experiments by Dr. Babkin, the sequence 1234 being the positive 
stimulus and the sequence 4321 the first stimulus to be differentiated ; 
this was followed by development of an absolute differentiation of 
all the remaining sequences. The vibration frequencies of the four 
tones employed were 290, 325, 370 and 413 d.v. respectively. 


1234 2134 3124 4123 
1324 2314 3214 4213 
1342 2341 3241 4231 
1243 2143 3142 4132 
1423 2413 3412 4312 
1432 2431 3421 4321 


In the following experiment [by Dr. Eurman] the positive 
alimentary conditioned stimulus was made up of the flash of an 
electric lamp (L), a tactile cutaneous stimulation (C), and a sound 
of bubbling water (S), applied in that order, namely, Z-C-S. The 
inhibitory compound was made up in the reverse order, namely, 
S-C-L. 





Secretion of 





Time Conditioned Saliva in BRemarks 
Stimulus drops during 
30 seconds 

rae Onne DER i } Reinforced. 
11.57 ,, S-C-L 0 Not reinforced. 
12.13 p.m. L-C-S 7 Reinforced. 
12.22 _ ,, S8-C-L 0 Not reinforecd. 

D 4 E 
pr i L-C-8 7 } Reinforced. 


The following is an experiment by Dr. Ivanov-Smolensky. The 
positive conditioned alimentary stimulus was made up of a hissing 
sound (H), a high tone (AT), a low tone (lT), and the sound of a 
buzzer (B), applied in that order, namely H-AT-IT-B. The inhibi- 
tory stimulus was made up with the order of the two middle 
components reversed, namely H-17-hT-B. 
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Secretion of 
Tine Couditioned Saliva in temarks 
Stimulus drops during 
30 seconds 
p-m. A-hT-IT-B 4 | Reinforced. 


us H-IT-hT-B 0 Not reinforced. 


Kia H-hT-IT-B 3 \ 
4 


j Reinforced. 
| Not reinforced. 





K H-IT-hT-B 
= H-hT-IT-B | 2 


co o9 oo e9 go go 


Bm 09 09 DO H hei 
CR CEREN E=] 


Reinforced. 


The formation of these inhibitory reflexes usually required a 
great deal of time: although a relative differentiation could some- 
times be observed quite carly, absolute differentiation was obtained 
in extreme cases only after more than one hundred repetitions with- 
out reinforcement. Indeed, in order to obtain a complete differentia- 
tion it was sometimes necessary to proceed by gradual stages, 
commencing with differentiation of comparatively simple compound 
stimuli. It was especially difficult to obtain a differentiation of the 
stimulatory compound of sound, low tone, high tone and buzzer 
from the compound in which the tones were reversed. All the 
differentiations, and especially those exceptionally difficult of for- 
mation, proved very unstable. On the one hand they suffered con- 
siderably from frequent repetition (sce Lecture XIV). and on the 
other hand any interruption in the work caused them to weaken or 
to disappear for atime altogether. So soon as complete differentia- 
tion between such compound stimuli had been established, the 
individual components when tested singly were found to have lost 
all their initial positive conditioned effect. 

From a purely physiological point of view, the study of dif- 
ferentiation between a compound stimulus and its modification, 
which both contain the same clements but in a different order of 
succession, is of considerable intcrest. The experiments show that 
a compound stimulus the component units of which remain in them- 
selves unaltered, and consequently most probably affect the same 
cells of the cerebral cortex, behaves in different modifications as a 
different stimulus, evoking in these cells now an excitatory process 
and now an inhibitory one. Plainly the experiments reveal the 
great importance of the synthesizing activity of the cortical cells 
which are undergoing excitation. These cclls must form, under the 
conditions of a given experiment, a very complicated excitatory 
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unit, which is functionally identical with the simple excitatory units 
existing in the case of more elementary conditioned reflexes. Such 
active cortical cells must necessarily influence one another and 
interact with one another, as has clearly been demonstrated in the 
case of compound simultaneous stimuli. The mutual interaction 
between the excited or inhibited cortical elements in the case of 
compound successive stimuli is more complicated; the effect of 
an active cortical cell upon the one next excited varies according to 
the influence to which it was itself subjected by the cell last stimu- 
lated. In this way it is seen that the order in which a given group 
of stimuli taking part in a stimulatory compound are arranged, and 
the pauses between them are the factors which determine the final 
result of the stimulation, and therefore most probably the form of 
the reaction, and we know already that different intensities of the 
same stimulus can be differentiated very accurately, one definite 
intensity being connected with excitation and another with 
inhibition. 

It is evident from the description given in the present lecture 
that we must distinguish in animals an elementary, from a higher, 
type of analysis and synthesis. The former, and especially the 
elementary type of analysis, is based principally upon the properties 
and activity of the peripheral receptors of the analysers, while the 
latter is based principally upon those of the central ends of the 
analysers. Conditioned reflexes afford the means of investigating 
experimentally the functions both of thé peripheral and of the 
central parts of the analysers, and such investigations have been 
conducted in our laboratories. The examples to be given during 
the remainder of this lecture will illustrate the scope of this field of 
animal experimentation. 

In the first example I shall describe, it was sought to obtain by 
means of conditioned reflexes experimental data regarding the 
resonance theory of Helmholtz. We conceived that by partial 
destruction of the organ of Corti the disappearance of conditioned 
reflexes to certain tones would possibly be obtained. The following 
experiment was conducted by Dr. Andréev, who is still working on 
this subject. Pure tones were employed, being produced by two 
sets of apparatus, one giving tones from 100 to 3,000 and the other 
from 3,000 to 26,000 double vibrations per second. Various con- 
ditioned alimentary reflexes were established in the dog, namely, to 
tactile stimuli, visual stimuli, and different auditory stimuli (sound of a 
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buzzer, metronome, a noise, and numerous pure tones). The cochlea 
was first completely destroyed on one side. When tested for the first 
time, six days after the operation, all the auditory conditioned reflexes 
were found to be present. A second operation (10th March, 1923) 
was now performed on the cochlea of the other side with the object 
of excluding only the lower part of the tonic scale. The osseous part 
of the cochlea was opened at the junction of its middle and upper 
thirds, and the exposed part of the membranous cochlea with the 
organ of Corti was injured with a fine needle. Already on the tenth 
day after the operation all the auditory stimuli, excepting tones of 
600 double vibrations per second and lower, were found to be fully 
effective. In the course of three months following the operation, 
however, the effect of tones from 600 to 300 double vibrations 
became gradually restored. From numerous tests carried out from 
this period up to two years after the operation, the upper limit of 
the tones that had disappeared was fixed as somewhere between 309 
and 317 double vibrations per second. The lower limit could not 
be determined, since we had no pure tones below 100 double ee, 
tions per second at our disposal. 

The following two tables are taken from the final period of the 
investigation : 





Secretion of 


Time Conditioned Stimulus Saliva in Remarks 
drops during 
° 30 seconds 


Experiment of 17th March, 1924. 





6.8 p.m. Metronome 13 

619°, | Tone of 390 d.v. 8 eo motor 

6.25 n ” ” 8 

Experiment of 19th March, 1924. 

5.35 p.m. Metronome 7 Alimentary motor 

5.39 ,, D 9 reaction. ð 

5.45 ,, Tone of 315 d.v. 0 No motor reac-} & , 
tion. 2 

6.17 ,, Metronome 5 Alimentary motor K 8 
reaction. a E 

6.24 ,, Tone of 315 d.v. 0 No motor reac-| &°3 
tion. = 

6.32 ,, Metronome 8 Alimentary motor 


reaction. 
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A histological examination of the cochlea has not yet been carried 
out, the dog still being used for experiments. It is evident, however, 
that the positive results of our eaperiments successfully replace the 
negative results obtained by Kalischer 1 with regard to this question. 

Another problem which engaged our attention was whether the 
participation of both hemispheres was necessary for differentiation 
of sounds by their direction. This question was solved by the experi- 
ments of Dr. Bikov. ‘The corpus callosum was severed in a dog, 
and after the animal had recovered from the operation the establish- 
ment of new conditioned alimentary reflexes was begun. Their 
formation presented no special difficulties, and proceeded at the same 
rate as in normal animals. One of the reflexes was established to 
the sound of a whistle, 1,500 double vibrations per second. The 
whistle, which was placed in a cardboard case, was supported on the 
wall on a level with the left ear and at a definite distance from the 
dog. The reflex appeared at the cighth repetition, and attained a 
maximum and permanent strength after 70 repetitions. The 
whistle was then transferred to the right side of the dog, and in this 
position was not reinforced by the unconditioned reflex. By 
repeatedly contrasting the sound from the left with that from the 
right, a differentiation of the direction of the sound was attempted. 
There was, however, not the slightest sign of any differentiation, 
even after 115 applications of the non-reinforced stimulus from the 
right, and we considered it futile to continue beyond this number of 
repetitions. It was concluded that a differentiation of the direction 
of a sound required a united activity of both hemispheres. The 
following is one of the most recent cxperiments : 


Secretion of | 








Time Conditioned Stimulus Saliva in Remarks 
drops during 
30 seconds 
aT p-m. Whistle on si side L Reinforced. 
4.20 , Whistle on right side 14 Not reinforced. 
(112th open 

4.35 ,„ Whistle on left side 12 ; 
4.46 7 2 i. 13 } Reinforced. 


1 O; Kalischer. ‘* Weitere Mittcilung über die Ergebnisse der Dressur als 
physiol. Untersuchungsmethode auf den Gebieten des Gehér-, Geruchs- und 
Farbensinns.” Archiv f. Anatomie und Physiologie, Physiologische Abteilung, 
p» 303, 1909. z 
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Other differentiations were obtained in this dog easily and 
rapidly, but never onc involving localization of the source of a sound. 
In normal dogs the differentiation of sounds by their direction 
presents no more difficulty than any other differentiation, and is 
capable of great precision. 

The experiments described in this and the preceding lectures 
leave no doubt in my mind that all the questions which have hitherto 
been considered as belonging to the domain of the so-called physi- 
ology of the organs of special sense can actually be investigated 
objectively by the method of conditioned reflexes. Are not Helm- 
holtz’s famous ‘‘ unconscious conclusions ”’—in his Physiological 
Optics—in reality conditioned reflexes? We may take as an 
example the case of a drawing imitating the visual character of a 
relief. In actual experience, of course, the tactile and muscular 
stimuli proceeding from a relief represent the initial and funda- 
mental stimuli: the visual stimuli provided by its areas of light and 
shade form the signalling conditioned stimuli, which only subse- 
quently obtain a vital significance by being constantly reinforced 
by the tactile and muscular stimuli. In the further course of our 
lectures we shall refer to other examples which can be studied 
objectively in dogs, and which correspond fully with phenomena 
usually described only in connection with the physiology of the 
organs of special sense. 
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